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Chapter 1 

DSP FAMILY OVERVIEW 



1.1 INTRODUCTION 

Digital Signal Processing is a growing technology. Tele- 
communications, voice processing, image processing, 
industrial control, medical and consumer applications are 
just a few industries currently using this technology. As 
new devices appear, these industries will benefit from the 
computational power of the DSP. Zilog has addressed this 
demand for increased computational power with the intro- 
duction of Digital Signal Processors used independently 
or integrated with a microcontroller. 

Zilog's Z89XXX Family of Digital Signal Processors (DSPs) 
provide performance and specialized features for a wide 
variety of DSP applications. The processor consists of a 
modified Harvard type architecture by virtue of the dedi- 
cated buses for program and data transfers. A single cycle 
instruction execution, along with a 16-bit bus structure, 
provides high-speed transfer/execution of data to accom- 
modate numeric intensive operations. 

Each RAM block contains three RAM pointers, which 
automatically increment or decrement through software 
initialization. Hardware looping is available and imple- 
mented without software overhead . The data RAMs can be 
simultaneously addressed and loaded to the multiplier for 
a true single-cycle scalar multiply. A bi-directional bus 
allows data to pass between the processor and external 
peripherals in 16-bit words. 

Zilog provides second and third generation, 1 6-bit CMOS 
DSPs with single cycle instruction execution. The Z89C00, 
Z89320, Z89321, Z89322 and Z89C12 offer high speed, 
cost effective solutions. To address applications involving 
substantial I/O, Zilog integrated the proven Z8® 
microcontroller with the DSP, thus producing a new gen- 
eration of dual processor chips. This fully integrated and 
mixed signal system is offered in the Z89120, Z89121, 
Z89C65 and Z89C67. Successful integration of a 
microcontroller and DSP on a single chip provides the 
designer with the necessary I/O control and inherent 
processing power together in one device. 



Z89C00 Digital Signal Processor 

The Z89C00 is a second generation, 16-bit, fractional, 
two's complement CMOS DSP. The processor contains 
5 1 2 bytes (two blocks of 256 1 6-bit words) of on-chip data 
RAM, 4K words of program ROM and 64K words of 
program memory addressing capability. A 16-bit I/O bus 
and four user I/O pins provide access to external periph- 
erals. 

Z89320 Digital Signal Processor 

The Z89320 provides the computational power of the 
Z89C00 at a cost effective price. 51 2 bytes of RAM and 4K 
words of program ROM are available. A 16-bit I/O bus 
provides access to external peripherals. Two general 
purpose user inputs and two user outputs are available. 
Applications include high volume multimedia, digital au- 
dio, speech processing and system control. Versions are 
offered with a codec interface (Z89321 ) or 8K word ROM 
(Z89322). 

Z89C12 Digital Signal Processor 

The Z89C1 2 is a third generation, 1 6-bit DSP. The proces- 
sor contains 2K words of RAM, 1 6K words of program ROM 
and 64K words of program memory addressing capability. 
A 1 6x1 6-bit multiplier is complemented with a 32-bit ALU 
and 32-bit accumulator with barrel shifter. A dual Codec 
interface for companded or linear codec and a high speed 
serial port is integrated into the processor. A 1 6-bit I/O bus 
can transfer data or map peripherals into the processor 
address space. The OTP version Z89E12. 

Z89120 Mixed Signal DSP Microcontroller 

The Z89120 is a fully integrated, mixed signal, dual pro- 
cessor microcontroller. It integrates a Z8 microcontroller 
with a Digital Signal Processor (DSP). The I/O control 
processor is the Z8 with 24 Kbytes of program memory. 
The DSP is a 16-bit processor with a 24-bit ALU and 
Accumulator and 4K word program ROM. 
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INTRODUCTION (Continued) 

This design results in maximum throughput for 
data-intensive DSP applications and I/O control 
requirements. An board A/D converter, 10-bit PWM, 
hardwired divider, counter/timers and comparators provide 
necessary I/O control. Communication between the Z8 
and DSP is possible through dedicated registers and 
interrupts. A ROMIess version is available (Z89920). 

Z89121 Mixed Signal DSP Microcontroller 

The Z89121 is a fully integrated, mixed signal, dual pro- 
cessor microcontroller. It integrates a Z8 microcontroller 
with a Digital Signal Processor (DSP). A 10-bit PWM D/A 
converter and two codec interfaces are available with a 
fully programmable sampling rate. The I/O control proces- 
sor is the Z8 with 24 Kbytes of program memory. The DSP 
is a 16-bit processor with a 24-bit ALU and Accumulator 
and 4K word program ROM. A ROMIess version is avail- 
able (Z89921). 



Z89C65 Telephone Answering 
Machine Controller 

The Z89C65 is a fully integrated, dual processor controller 
designed for telephone answering devices (TAD). The 
DSP portion is used in conjunction with the Z8 portion to 
perform the answering machine control, message genera- 
tion and telephone line monitoring tasks. Access to the 
DTMF, LPC speech, tone generation and voice detection 
CPS/VOX functions is embedded into the Z89C65. A 
ROMIess version is available (Z89C66). 

Z89C67 Tapeless Telephone Answering 
Machine Controller 

The Z89C67 expands upon the Z89C65 with additional 
features to dedicate this processor to the Tapeless An- 
swering Machine market. An ARAM interface provides the 
capability to store voice data. A codec interface is also 
available. ROMIess version (Z89C68). 



Z89921 



Z89C90 



Z89370 



Z89920 



Z89C67 



Z89C12 
Z89E12 



Z89321 



Z89121 



Z89C66 



Z89C00 



Z89320 



Z89120 



Z89C65 



Z89CXX Family 



Z8932X Family 



Z8912X Family 



Z89C6X Family 



Applications 


Multimedia 


Answering Machine 


Sound Board 


Motor Controls 


Digital Filtering 


Disk Control 


Spectrum Analysis 


Digital Audio 


Waveform Generation 


FFTs 


Modem/Fax 


Speech Synthesis 


Data Encryption 


Speech Recognition 


Navigation 


Spread Spectrum 



Figure 1.1. Z89XXX Family 
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To effectively implement the advantages of the DSP, 
comprehensive support tools are required. Zilog provides 
tools for systems development (both hardware and soft- 
ware prototyping), field trials (pre-production), and full 
production. For prototyping and pre-production, or where 
code flexibility is important, ROMIess and OTP versions 
are provided. Minor code changes or upgrades can thus 
be implemented quickly without the delay of producing a 
masked ROM. 



The DSP Family is available in a variety of package types. 
DIP (Dual In-line Package), QFP (Quad Flat Pack), PLCC 
(Plastic Leaded Chip Carrier), or VQFP (Very-small Quad 
Flat Pack) are offered in 40, 44, 68, 80, 84 and 100 pin 
packages. 



1 .2 OVERVIEW OF TECHNICAL MANUAL 



This technical manual is organized to provide an overview 
of the architecture, features, and support tools through 
detailed explanations of the features and instruction set. 
Examples are given throughout the manual to provide 
information in a convenient manner. Those familiar with 
microprocessors and microcontrollers will find the DSP 
instruction set and programming are similar to those in the 
easy-to-use microprocessor and microcontroller environ- 
ment. 

To assist in initial code generation, sample programs are 
provided in Chapters 10 and 11. With the instruction set 
examples, sample programs and easy-to-use software 
and hardware tools, efficient DSP designs will be possible. 



Chapter 1 Overview of Zilog's DSP Family 

Introduction to Zilog's Z89XXX 
DSP Family. 

Chapter 2 Zilog's Z89CXX Digital Signal 
Processors 

Overview of the architecture, features, 
and support tools. Detailed information 
about the architecture, address spaces 
and modes, instruction set, external inter- 
face, timing, input/output operations, and 
interrupts can be found in subsequent 
chapters of this manual. 

Chapter 3 Architectural Overview 

Overview of block diagram, memory 
organization and hardware. ALU, Accu- 
mulator, Multiplier, Register Pointers and 
Data Pointers are discussed. 

Chapter 4 Addressing Modes 

Addressing of memory, including register 
direct, indirect, immediate and short form 
direct methods, is discussed. 



Chapter 5 Instruction Set Features 

A tabulated summary of the instruction set 
is provided. Additional information on 
instruction format, condition codes, 
operands and timing is discussed. The 
assembler removes the burden of hand 
constructing codes by providing 
mnemonics. 

Chapter 6 Assembly Language Instruction Set 

The Instruction Set description is provided 
with opcodes, instruction format and 
examples. 

Chapter 7 External Interfaces 

Reset, Clock, User I/O, Program Memory 
bus and the external 16-bit bus are 
discussed. Timing diagrams are provided . 

Chapter 8 Development Tools 

Software and Hardware development 
tools are discussed. Tools available from 
Zilog include an emulator and application 
board, Production Languages Corporation 
(PLC) software tools including Assembler, 
Linker, Locator, C compiler, and a 
Translator, which converts TMS320 
assembly code to Z89XXX Code. 

Chapter 9 DSP Arithmetic 

Binary Fractional Arithmetic on 8 and 24- 
bit numbers with examples is discussed. 

Chapter 1 Introduction to Software Development 

The Initialization procedure, data transfers 
and arithmetic operations outlined here 
ease initialization into DSP software 
development. 

Chapter 11 Applications 

Software and Hardware applications, 
including FIR/IIR Filters, FFT, expansion 
of memory interface, A/D and D/A 
interface, and modem applications, are 
covered. 
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The Z89CXX processors are second generation, 16-bit, 
fractional, two's complement CMOS DSPs. Single cycle 



2.1 FEATURES 

■ 16-Bit DSP 

■ 4K Words of On-chip Program Memory 

■ Optional 64Kword External Program Memory 

■ 512 Words On-Chip DSP RAM 

■ Zero Overhead Hardware Looping 

■ Register Pointers 

■ Data Pointers 



2.2 INSTRUCTION SET 

The DSP instruction set consists of 30 basic instructions 
optimized for high-code density and reduced execution 



2.3 ARCHITECTURE 

The DSP is a high performance Digital Signal Processor 
optimized for data processing and transfer. The multiplier 
can perform a single cycle 16-bit by 16-bit multiply (MLD) 
or multiply/accumulate (MPYA) using the accumulator 
and/or data from internal or external memory. The multi- 
plier produces a 32-bit result, with the 24 most significant 
bits saved for the next instruction. The 24-bit ALU has two 
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Z89CXX DIGITAL SIGNAL PROCESSORS 

instruction execution includes Multiply/Accumulate and 
I/O transfers. 



■ 1 6-Bit by 1 6-Bit Hardwired Multiplier 

■ Three Vectored Interrupts 

■ Six Level Stack 

■ Optimized Instruction Set 

■ Single Cycle Instruction Execution 

■ Single Cycle External Peripheral Addressing 

■ External User I/O 



time. Single cycle instruction execution is possible due to 
pipelining and other architectural features. 



input ports. One is connected to the output of the 24-bit 
accumulator and the other is connected to a 24-bit bus. 
External interfaces include address bus and data bus for 
external Program ROM, three vectored interrupt ports, 1 6- 
bit I/O port with controls lines for addressing and two 
input/two output user ports. 
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2.4 FEATURE DESCRIPTIONS 

The DSP contains two on-chip data RAM blocks of 256 
words, a 4K word program ROM, a 24-Bit ALU , a 1 6-bit by 
16-bit Multiplier, and a 24-Bit Accumulator and Shifter. 

■ 4K/64K Word Program ROM. Programs up to 4K 
words can be masked into internal ROM. If additional 
program space is needed, the DSP offers external 
address/data capability for an address space up to 
64K words. Expansion of the internal ROM is provided 
by future upgrades. 

■ 512-Byte Standard Register File. Two banks 
of 256x16-bit word data RAM are available. 
Each register bank provides three register pointers for 
easy access to RAM data. 

■ Register Pointers. The DSP provides a total of six 
Register Pointers for both RAM banks. These pointers 
may be incremented or decremented automatically to 
affect hardware looping without software overhead. 

■ Data Pointers. Four Data Pointers for each RAM Bank 
are provided to assist in easy access to the RAM data. 
The data pointers can access the lower sixteen bytes 
of each RAM Bank to assist in efficient transfer of 
blocks of data from ROM to RAM locations. 

■ Multiplier. A 16x16-bit multiplier is provided to 
calculate fixed-point two's complement results. The 
result can be transferred to the ALU or reiterated to the 
multiplier for additional computations. The data RAMs 
can be simultaneously addressed and loaded into the 
multiplier for a true single cycle multiply. The multiplier 
provides a flow through architecture, whenever the X 
or Y Register is updated an automatic multiply operation 
is performed and the Register is updated. 
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■ ALU and Accumulator. The 24-bit ALU is a general 
purpose arithmetic logic unit that can perform arithmetic 
and logical operations. The result of an ALU operation 
is placed in the accumulator and, if needed, the 
accumulator content can be used as an operand for 
the ALU or can be placed on the 24-bit P bus for 
transfer to memory. 

■ Bus Structure. The processor consists of a Harvard 
type architecture. This design provides independent 
Program and Data buses producing efficient execution 
of instructions and transferring of data. The Data bus 
is further subdivided into two separate buses, D and P 
bus. The 1 6-bit D bus provides access to RAM, Stack, 
Program Counter, RAM Pointers and I/O information. 
The 24-bit P bus provides access to the ALU, ACC, 
and Multiplier outputs. 

■ Address Lines. Independent address and data lines 
are provided to access external Program Memory for 
a full 64K space. An additional 1 6-bit bus is provided 
for interfacing with external peripherals. Three address 
lines with dedicated control pins are provided for the 
bus. 

■ I/O Lines. Two user input and two user output port 
lines are available to monitor external peripherals or to 
provide information to the DSP. The I/O information is 
accessible through the Status Register. 

■ Vectored Interrupts. Three prioritized interrupts are 
provided for control of processor execution by external 
peripherals. Acknowledgment of an activated interrupt 
occurs at the end of an instruction execution. 
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Chapter 3 

Z89CXX ARCHITECTURAL OVERVIEW 



3.1 INTRODUCTION 

The Z89CXX processor is a second generation, 16-bit, 
fractional, two's complement CMOS Digital Signal Proces- 
sor (DSP). The processor contains 512 words of on-chip 
data RAM (two blocks of 256 16-bit words) and 4K words 
of Program ROM. Each RAM block contains a set of three 
pointers which may be incremented or decremented auto- 
matically. The Data RAMs can be simultaneously ad- 
dressed and loaded into the multiplier for a true single 
cycle scalar multiply. 



A 16-bit address and 16-bit data bus is provided for 
external program memory or data memory. A 16-bit I/O 
bus can be used for transferring data or mapping periph- 
erals, such as an A/D, into the processor address space. 
Transfers are accomplished in a single cycle. There are 
two user input and two user output ports to assist in 
monitoring or controlling external devices. 




3.2 PIN FUNCTIONS 

CK. Clock (input). External clock. 

EXT 0-15. External Data Bus (input/output). Data bus for 
user defined outside registers such as an ADC or DAC. 
The pins are normally in output mode except when the 
outside registers are specified as source registers in the 
instructions. All the control signals exist to allow a read or 
a write via this bus. 

ER//W. External Bus Direction (output, active Low). Data 
direction signal for EXT-Bus. Data is available from the 
CPU on EXTO-15 when this signal is Low. EXT-Bus is in 
input mode (high-impedance) when this signal is High. 

EAO-2. External Address (output). User-defined register 
address output. One of eight user-defined external regis- 
ters is selected by the processor with these address pins 
for read or write operations. Since the addresses are part 
of the processor memory map, the processor is simply 
executing internal reads and writes. 

/El. Enable Input (output). Read/Write timing signal for 
EXT-Bus. User defined register or the processor can put 
data on the EXT-Bus during a low state. Data is read by the 
external peripheral on the rising edge of IB. Data is read 
by the processor on the rising edge of CK, not /El. 

HALT. Halt State (input). Stop Execution Control. The CPU 
continuously executes NOPs and the program counter 
remains at the same value when this pin is held High. This 
signal must be synchronized with CK. 



INTO-2. Three interrupts (input, Rising Edge Triggered). 
Interrupt request 0-2. Interrupts are generated on the 
rising edge of the input signal. Interrupt vectors for the 
interrupt service starting address are stored in the pro- 
gram memory locations OFFFH for INTO, OFFEH for INT1 
and OFFDH for INT2. Priority is: 2 = lowest, = highest. 

PAO-15. Program memory address bus (output) for up to 
64Kx16 external program memory. These lines are tri- 
stated during Reset Low. 

PDO-15. Program memory data input (input). Instructions 
or data are read from the address specified by PAO-15 via 
these pins, and are executed or stored. 

/RES. Reset (input, active Low). Asynchronous reset sig- 
nal. A Low level on this pin generates an internal reset 
signal. The /RES signal must be kept Low for at least one 
clock cycle. The CPU fetches a new Program Counter (PC) 
value from program memory address OFFCH after the 
Reset signal is released. 

/ROMEN. ROM Enable (input). An active Low signal en- 
ables the internal ROM. Program execution begins at 
0000H from the ROM. An active High input disables the 
ROM and external fetches occur from address 0000H. 
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3.2 PIN FUNCTIONS (Continued) 

/RDYE. Data Ready (input). User-supplied Data Ready 
signal for data to and from external data bus. This pin 
stretches the /El and ER//W lines and maintains data on the 
address bus and data bus. The ready signal is sampled at 
the rising edge of clock with appropriate setup and hold 
times. The normal write cycle will continue from the next 
rising clock only if ready is active. 



UIO -1 . Two Input Pins (input). General purpose pins 0-1 . 
These input pins are directly tested by conditional branch 
instructions. These are asynchronous input signals that 
have no special clock synchronization requirements. 

U00-1 . Two Output Pins (output). General purpose output 
pins. These pins reflect the inverted value of status register 
bits S5 and S6. These bits may be used to output data by 
writing to the status register. 



3.3 BLOCK DIAGRAM 



External Program ROM 
PDO-15 PA0-15 




/ROMEN 



EXTO-15 

/RDYE, ER//W, 
/El 

EAO-2 

INT0-2 
/RESET 

UIO-1 
UOO-1 



Figure 3.1 . Z89CXX Block Diagram 



3-2 



<S2iL£E 



Z89C00 
User Manual 



The processor is integrated with a 4K word Program ROM 
and two 256 word RAM banks. Larger internal ROM sizes 
are planned for future upgrades. The 16-bit D bus, 24-bit 
P bus, and 1 6-bit Program bus are three distinct buses that 
provide efficient transfer of data. 

The hardware stack consists of six dedicated registers for 
saving the contents of the program counter during inter- 
rupts and subroutine calls. The PUSH and POP instruc- 
tions allow control of stack content and expansion of the 
stack levels to accommodate heavily nested programs. 



The 16x1 6-bit multiplier obtains information from Data 
RAM, Program ROM, Hardware Registers or External 
Peripherals. The output from the multiplier is available in 
the P register and can be transferred by the 24-bit P bus. 
The 24-bit ALU can perform Boolean operations through 
the use of status flags available to the processor. 



3.4 MEMORY ORGANIZATION 

The DSP provides 4K words of Program Memory and 512 
words of Data RAM . Each is described in this section . Also 
included are the standard and external registers. 

■ Program Memory ■ Standard Register File 

■ Data Memory ■ External Register File 



3.4.1 Program Memory 

The DSP addresses 4K words of internal program memory 
or 64K words external memory (See Figure 3.2). The last 
three locations in Program Memory are reserved for the 
interrupt vectors. These locations contain three 16-bit 
vectors which correspond to the three user interrupts. The 
starting address reset vector is located at OFFCH. If the 



internal ROM is used, internal program space is mapped 
from 0000H to OFFFH (4K). If additional program space is 
needed, the DSP offers external address/data capability. 
In this case, the memory space exists from 0000H to 
FFFFH (64K). The ROM Enable pin (/ROMEN) allows for 
the two options. 
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3.4.1 MEMORY ORGANIZATION (Continued) 



4095 



Reserved 
for 
future 
implementation 



INTO 



INT1 



INT2 



Starting Address 



4K* 
Internal 
Memory 



65535 



OFFFH 
OFFEH 
OFFDH 
OFFCH 



0O00H 



INTO 



INT1 



INT2 



Starting Address 



External 
Memory 



0000H 



* Larger ROM Sizes are planned for future upgrades. 



Figure 3.2. Program Memory Map 
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3.4.2 Data Memory 

Internal Data Memory offers two banks of 256x1 6-bit 
words, referred to as RAM Bank and RAM Bank 1 . The 
memory map arranges the registers from zero to 51 1 . Bank 
consists of register zero to 255 and Bank 1 consists of 
256 to 51 1 . To efficiently address the data in the RAM 
banks, three Register Pointers are available for each bank. 
The register pointers, which can be written to or read from, 
are 8-bit registers. Each is connected to the lower byte of 
the 16-bit D bus and can be used to perform no overhead 



looping. Indirect, direct, shortform direct or immediate 
addressing may be performed to access memory. A 
convenient feature is the ability to simultaneously load 
RAM data into the X and Y inputs to the multiplier and 
perform a load/multiply in a single cycle (MLD). As shown 
in Figure 3.3, registers 000H to OFFH are assigned to 
RAMO and Registers 1 00H to 1 FFH are assigned to RAM 1 . 



511 



256 
255 



RAM BANK 1 



RAM BANK 



1FFH 



100H 
OFFH 



000H 



Figure 3.3. Data Memory Map 
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3.4.3 External Register Memory 

The 1 6-bit I/O bus is provided with three address lines. This 
can be used to access a minimum of eight external 
peripherals. The processor assumes the extra registers to 



be internal. The I/O bus can also be used for expansion of 
Data Memory to a full 64K word space. 



3.5 HARDWARE OVERVIEW 

Zilog's DSP Family incorporates many functions that are 
performed through hardware rather than software imple- 
mentation. Zero overhead hardware looping, pipeline in- 
struction execution, automatic increment or decrement of 
register pointers, simultaneous addressing and loading of 
operandsfor the multiplier and single-cycle multiply/accu- 
mulate execution provide efficient processing power. 



The Central Processing Unit consists of the Multiplier, ALU, 
registers (P, X, and Y), shifters and buses for adequate 
storage and transfer of data. Internally, the data is handled 
as 24-bit data. Transfer of information to memory locations 
uses the upper 16-bits. A general description of the vari- 
ous hardware features follow. 



D Bus 16-Bit 




Figure 3.4. Central Processing Unit Block Diagram 
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3.6 ARITHMETIC LOGIC UNIT (ALU) 

The ALU is a general purpose arithmetic logic unit that can 
perform arithmetic and logical operations. Operations are 
executed in a single clock cycle. The 24-bit ALU has two 
input ports, one of which is connected to the output of the 
24-bit accumulator; the other is connected to the 24-bit 
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P-bus. A shifter between the ALU and P-bus can be used 
to shift data right by three bits before an ALU operation. 
This is normally performed to avoid overflow conditions. 
See Chapter 9 (DSP Arithmetic) for further information. 







3.7 ACCUMULATOR 

The 24-bit accumulator receives information from the 
24-bit ALU. The result of an ALU operation is placed in the 
accumulator and, if needed, the accumulator content can 
be used as an operand for the ALU or can be placed on the 
24-bit P bus for transfer to memory. 

During a load of the accumulator the lower eight bits are 
cleared. The lower eight bits can be modified by use of shift 
instructions. Caution has to be used when comparing 
data. If one compares a 1 6-bit number to the accumulator, 
the result will not be equal if any of the lower eight bits of 
the accumulator are set. Since the multiply and accumu- 
late operates on 24-bit arithmetic, it is unlikely that one 
would want to compare a 16-bit number with a 24-bit 
number. Depending on the particular modification, some 
instructions affect the full 24 bits of the accumulator while 
others only affect the upper 16 bits. 



3.7.1 Accumulator Operations 

Since the D bus is 16-bits and P bus is 24-bits, transfer of 
information to the Accumulator along the D bus appends 
the data with 8-bits of zeroes. For some instructions, the net 
effect is similar to ignoring the lower 8-bits of the accumu- 
lator. Table 3.1 lists a set of instructions and the net effect 
operation on the accumulator. 



ABS 

ADD 

AND 

CP* 

DEC 

INC 

LD 

NEG 

OR 

RL 

RR 

SLL 

SRA 

SUB 

XOR 



Table 3.1. Accumulator Operations 

Ignores lower 8-bits Affects lower 8-bits 
Of Accumulator of Accumulator 



zeroes lower 8 bits 

X 

X 

X 

zeroes lower 8 bits 
X 



X 
X 
X 
X 



X 
X 



* the lower 8 bits of the accumulator must be zero for a 
correct comparison. 



23 



r-O-C 



>l 



Discarded 



Zeroes 



Shift Lett 



Rotate Lett 



Rotate Right D 

Figure 3.5. Rotate instruction diagram 



"Sign 

Extended H 

Value" L 



23 



9 8 



t 



Shift Right 



Note: The Shift Right instruction places 
Bit 9 into both Bit 8 and carry bit. 



Figure 3.5a. Shift Instruction Diagram 
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3.7.2 Rotating Data 

The Rotate Instruction rotates the upper 16 bits of the 
accumulator through the carry bit. This provides the ap- 
propriate rotation operation on 16-bit data. Normally, the 
lower eight bits are insignificant during a rotate instruction. 
For full details concerning the lower eight bits, Figure 3.5 
provides this information. 

Rotate Left (RL) 

The upper 16 bits are rotated through the carry bit. Bit 1 
through bit 7 are unaffected. Bit is filled with a zero. 

Rotate Right (RR) 

The RR instruction places the Least Significant Bit (LSB) of 
the upper 16 bits of the accumulator (bit 8 ) into bit 7 and 
rotates the data to the right, discarding bit 0. Bit 8 is also 
placed in the carry bit as the upper 16 bits are rotated to 
the right. 

3.7.3 Shifting Data 

The Shift Instruction shifts all 24 bits of the accumulator 
through the carry bit. Normally, the LSB is insignificant and 
discarded in the process. For full details concerning the 
lower eight bits, Figure 3.5a provides this information. 

Shift Left (SL) 

The SL instruction shifts all 24 bits of the accumulator 
through the accumulator before discarding the Most Sig- 
nificant Bit (MSB). Zeroes are filled in through the LSB. 



Shift Right (SR) 

The SR instruction shifts all 24 bits of the accumulator 
performing Sign Extension to the MSB. The LSB is dis- 
carded. Bit 8 is shifted to both bit 7 and the carry bit. 

3.7.4 Comparing Data 

When using the Compare Instruction (CP), the lower eight 
bits of the Accumulator must be cleared to ensure correct 
evaluation . CP will return a false condition when any of the 
lower eight bits of the Accumulator is set. 

3.7.5 Increment/Decrement 

The Increment (INC) and Decrement (DEC) instructions 
affect the whole 24 bits of the accumulator. The operation 
differs from the ADD or SUB instruction which affect only 
the upper 16 bits. 

Example 3.1. Increment Instruction 

Initialization: A= 123456H 
Instruction: ADD A, #%0001 



The ADD instruction would result in 123556H 
The INC instruction would result in 123457H 



3.8 MULTIPLIER 



The DSP uses a 16x1 6-bit flow-through multiplier produc- 
ing a 32-bit result. The operands are received through the 
X and Y registers. The multiplier is optimized for 16-bit, 
signed, fractional, two's complement multiplication. The 
upper 24-bits of the result are placed into the P register. 
The 24-bit P bus can be used to transfer this result to 
memory. A typical multiplication will use the ALU for an 



addition operation. The Multiply and Add instruction (MPYA) 
can perform a load/multiplication/addition in a single cycle. 
The flow-through design performs a multiplication when- 
ever the X or Y register is updated. This occurs during a 
MPY, MPYA, MPYS, or LD instruction (loading of the X or Y 



X:16 bits 



Y:16bits Input Registers 



Multiplier 



ir 

P: 24 bits | 8 bits [ 



Product Registers 
(Read Only) 



Figure 3.6. Multiplier Block Diagram 
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Example 3.2. Multiply/Accumulate 



MPYA @P0:1,@P0:0 



1 



:ion 



The Accumulator and P register are added together and 
the result is placed in the Accumulator. Coincident to this 
operation is loading ot data into the X and Y registers 
(operands to the multiplier). The multiplication is per- 
formed and the result is placed in the P register. The data 
is accessed by use ot indirect addressing of the register 
pointer PO for Banks and 1 (see Chapter 4 - Addressing 
Modes). 

Since the accumulation operation is performed using 
previous data in the P register, the XorY register should be 
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cleared before execution of the initial MPYA instruction. 
This ensures that the accumulator will be zero before 
addition of the multiplier outputs. For multiplication without 
addition, the MPY instruction is used. 

All inputs to the multiplier should be fractional two's com- 
plement 16-bit binary numbers. This provides a range of 
-1 to 0.9999695 decimal or 8000H to 7FFFH fractional 
binary (see Chapter 9 - DSP Arithmetic). For operations on 
very small numbers where the least significant bits are 
important, the data should be first scaled by eight bits (or 
the operands, X and Y, by four bits each) to avoid trunca- 
tion errors. 



Table 3.2. Internal Registers 


P register 


Output of Multiplier, 24-bit 




(Read Only) 


A register 


Accumulator, 24-bit 


X register 


X multiplier input, 16-bit 


Y register 


Y multiplier input, 16-bit 


P0:0 




P0:1 




P0:2 


Six Register Pointers, 8-bit each 


P1:0 




P1:1 




P1:2 




SR 


Status Register, 16-bit 


PC 


Program Counter, 16-bit 



3.9 INTERNAL REGISTERS 

The DSP has twelve internal registers and eight additional 
external registers. The internal registers include the follow- 



ing: 



3.10 P, A, X AND Y REGISTERS 

The output of the multiplier is stored in the 24-bit P (Prod- 
uct) register. This register is connected to the 24-bit P bus. 
The P register (Read Only) commonly transfers data to the 
ALU for further arithmetic processing of the data. The data 
can be shifted before execution by the ALU if scaling is 
needed. The Aregister (Accumulator) is connected through 
a MUX to the ALU and P bus. This provides the capability 



of continuous addition with the ALU or storage of data from 
the P bus to memory. The X and Y registers are operand 
inputs to the multiplier. Operands can be obtained from 
RAM, ROM, Stack, I/O Ports, P register, External Peripher- 
als or the Accumulator via the bus structure. 
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3.11 REGISTER POINTERS 



Each RAM block contains three Register Pointers each, 
which can be programmed to automatically increment or 
decrement. The pointers provide hardware looping with- 
out software overhead. The RAM data can be simulta- 
neously addressed and loaded to the multiplier for a true 
single cycle multiply. 

The Pointers provide easy access to the RAM data by use 
of indirect addressing. The address of the requested data 
is placed in the Register Pointer and the program instruc- 
tion provides the necessary information to transfer the data 
to the appropriate location for calculation or storage. To 
inform the processor that an indirect address will be used, 
the @ symbol is placed before the Register Pointer defini- 
tion. 

The mnemonic for the Register Pointer (Pn:b) is defined as 
follows: 



Pn:b n=0,1,2 
b=0,1 



Pointer number 
RAM Bank number 



Example 3.3. Register Pointers 

LD P1:0, #%FF 
AND A, @P1:0 



The immediate load places FFH (255 decimal) into Regis- 
ter Pointer 1 , RAM Bank 0. The AND instruction performs 
a logical .AND. of the Accumulator and the RAM data 
addressed by the pointer. The @ symbol indicates indirect 
addressing mode. The content of Pointer 1 is the address 
of the operand for the AND instruction. In this case, the 
data located in Bank 0, Register 255 will be used. 

It is also possible to access ROM data with these pointers. 
Using @@P1 .0 will use the RAM data accessed by the 
pointer as an address to ROM. This topic is discussed in 
the Indirect Addressing section of Chapter 4. A software 
example (Chapter 1 1 ) for loading a lookup table from ROM 
to RAM depicts a common usage of ROM indirect ad- 
dressing using the register pointers 



Example 3.4. Register Pointer Auto Increment 

ADD A, @P2:1 + 

This instruction transfers data addressed by Pointer 2, 
Bank 1 and adds the data to the Accumulator. The result 
is placed in the Accumulator and the pointer address is 
incremented by 1. It is also possible to decrement the 
pointer address by use of the LOOP option discussed in 
the next section. Access to ROM data is possible with the 
@@P2:1 notation. Automatic incrementing is performed 
when accessing ROM data. 

Example 3.5. Automatic ROM Incremented 



Initialization: 



Instruction: 



Result: 



Accumulator 
P0:0 

RAM bankO:21H 
ROM Address:247AH 

ADD A, @@P0:0 

A 

P0:0 

RAM bankO:21H 



= 123400H 
= 21H 
= 247AH 
= 0C12H 



= 1E4600H 
= 21H 
= 247BH 



The pointer P0:0 contains the RAM register location (21 H). 
The contents of this register have a ROM address. This 
address refers to the ROM data that will be ADDed to the 
accumulator. 123400H + 0C1200H = 1E4600H. When 
memory indirect addressing is used the ROM address is 
automatically incremented. This provides a convenient 
method of accessing sequential data. Use of ADD A, 
@@ P0:0+ would perform the same operation and also 
increment the P0:0 content to 22H. 

The data pointers also have the same auto increment 
feature as the register pointers. Rather than having an 
eight bit register the data pointer are 16-bits and are part 
of RAM. Section 3.17.1 discusses the data pointers. 



3.1 1 .1 Hardware Auto-lncrement/Decrement 

For convenience in accessing sequential data, a hardware 
auto-increment/decrement feature is available. Accessing 
of sequential RAM or ROM data is possible with the 
Register Pointer. 
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3.1 1 .2 Hardware Looping 

A convenient method of accessing constantly used se- 
quential data is to use the register pointer looping feature. 
The looping feature provides the capability to increment or 
decrement a pointer address while defining a specified 
area to loop through. The size of the loop is set by the three 
lower bits of the status register and varies by powers of 
two: 2, 4, 8,16, 32, 64, 128 and 256. 

The actual address sequence the loop will follow depends 
on the loop size and the current address specified by the 
Register Pointer. When the pointer reaches the end of the 
loop, the pointer will be reset to the beginning of the loop. 

Note: One execution of the instruction will produce one 
increment of the pointer. 

By placing the instruction in a software loop, control of the 
quantity of sequential data accessed is possible. 



User Manual 
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Example 3.6. Loop Option for Pointer Registers 

Initialization: Loop Size = 8 (status bits = 011) 

P1:0 Address = 2AH (0010 1010 binary) 

Instruction: LD X, @P1 :0+LOOP 

This instruction loads the data addressed by Register 
Pointer 1 , RAM Bank and places it in the X register of the 
multiplier. It also increments the address contained in the 
Register Pointer. How the address is incremented is deter- 
mined by the loop size. In this example a loop size of eight 
is used; thus, the loop will only affect the lower three bits of 
the pointer address (A loop size of 16 will affect the lower 
four bits, a size of 128 will affect the lower seven) since 
three address bits can accommodate eight different ad- 
dresses. 



Status Bits 
D2-D0 


Loop Size 


000 


256 


001 


2 


010 


4 


011 


8 


100 


16 


101 


32 


110 


64 


111 


128 



Table 3.3. Register Pointer Loop Sizes 



3-11 



Z89C00 
User Manual 



Table 3.4. Loop Execution Sequence (size 8) 



Hex 


Binary 




2A 


0010 1010 


Starting location of Loop 


2B 


0010 1011 




2C 


0010 1100 




2D 


0010 1101 




2E 


00101110 




2F 


0010 1111 


Largest Addressed Location 


28 


0010 1000 


Smallest Addressed Location 


29 


0010 1001 





Execution Sequence 



r 

L 



Notice that the starting location of the loop is at 2A hex. 
Once the pointer address reaches 2F, the next increment 
places the address at 28. This is due to the loop size being 



set to 8, affecting only the lower three bits. If the loop was 
set to 4, the following sequence would occur: 



Table 3.5. Loop Execution Sequence (size 4) 



Hex 



Binary 



Execution Sequence 



2A 
2B 
28 
29 



0010 1010 
0010 1011 
0010 1000 
0010 1001 



Starting location of Loop 
Largest Addressed Location 
Smallest Addressed Location 



Notice that only the lower four bits are being used in this sequence. 



r 

L 



3.12 STATUS REGISTERS 



D12 jp» [ D1o| D9 | D8 | 07 | D6 | D5 | D4 | I 



RAM 

000 
001 
010 
01 1 
1 00 
1 1 
1 1 

1 1 1 



Pointer Loop Size 
64 
2 
4 
8 
16 



■Short Form Direct' bits 
User Output 0-1 
Interrupt Enable 

Overflow protection 

MPY output shitted right by 3 bit 
with sign extension 

User Input 0-1 
Carry Flag 
Zero Flag 
Overflow Flag 
Negative Rag 



Figure 3.7. DSP Status Register 
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anmmeiic nags, i/u port status, shitting requirements, 
overflow protection, interrupt enabling and Register Pointer 
Loop size. Figure 3.7 displays the definition of each bit in 
these registers. 

3.12.1 Register Pointer Loop Size Bits 

The lower three bits of the status register determine the 
loop size of the Register Pointers. The loop feature is a 
convenient method of accessing constantly used sequen- 
tial data. The looping feature provides the capability to 
increment or decrement a pointer address while defining 
a specified area to loop through. The size of the loop is set 
by the three lower bits of the status register and varies by 
powers of two: 2, 4, 8, 1 6, 32, 64, 1 28 and 256. Additional 
information is provided in Section 3.1 1 .2 (Hardware Loop- 
ing). 

3.12.2 Short Form Direct Bits 

The short form direct bits are used to determine the 
location of the referenced Data Pointer. Since Short Form 
Direct Addressing uses four bits to access a given loca- 
tion, 16 different addresses (registers) can be accessed. 
These 16 addresses comprise the lower 16 addresses of 
each RAM Bank. See section 3. 1 7.1 for additional informa- 
tion. 

3.12.3 User Input/Output - 1 

The user input bits monitor external peripherals and can be 
read to affect program control. The user output bits can be 
set to control external peripherals. See Chapter 7 (External 
Interfaces). 



Setting this bit provides interrupts to be enabled. Reset- 
ting disables the interrupts. See Chapter 7 (External Inter- 
faces). 

3.12.5 Overflow Protection 

The Overflow Protection Bit is used to prevent overflow 
situations. When this bit is set to "1 ", using the SOPF (Set 
Overflow Protection Flag) instruction, any overflow which 
occurs in the Accumulator is accommodated by setting 
the accumulator value to its maximum settings rather then 
storing erroneous overflow data. For positive overflows, 
the accumulator is set to 7FFFFFH . For negative overflows 
it is set to 800000H. The overflow protection bit can be 
reset using the COPF (Clear Overflow Protection Flag) 
instruction, which will protect this feature. 

3.12.6 Multiply Output Shitted By 3 Bits 

Setting this bit to "1 " will shift the output of the multiplier by 
three bits to the right (with sign extension) before the ALU 
performs an operation. This feature is available on the 
MPYA (load/multiply/accumulate) and MPYS (load/multi- 
ply/subtract) instructions. This is often used to prevent 
overflow conditions with the accumulator. If the setting is 
'0', then no shift is performed. See Chapter 9 (DSP Arith- 
metic) for further information. 



3.13 STATUS FLAGS 

The Status Flags are set/reset/unchanged by the ALU after 
an operation. This information is accessible for program 
control. The various flags are discussed below. 

3.13.1 Carry Flag 

This flag is set to "1 " if the result of an arithmetic operation 
generates a carry out of or a borrow from the most signifi- 
cant bit (bit 23) of the Accumulator. This flag is cleared 
otherwise. Following a Rotate operation, the Carry Flag 
contains the lastvalue shifted out of the Accumulator. The 
Carry Flag is not often used when performing signed two's 
complement arithmetic. 

3. 13.2 Zero Flag 

This flag is set to "1" if an operation on the Accumulator 
results in 000000H. This flag is cleared otherwise. 



3.13.3 Overflow Flag 

This flag is set if any Accumulator result is greater than the 
maximum possible number (7FFFFFH) or less than the 
minimum possible number (800000H) that can be repre- 
sented in two's complement form. This flag is cleared 
otherwise. 

3.13.4 Negative Flag 

This Flag is set if any result in the Accumulator results in a 
negative number (bit 23 of the Accumulator is a "1"). This 
Flag is cleared otherwise. 
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3.14 PROGRAM COUNTER 

The 16-bit Program Counter (PC) is used to store the 
address of the next executable instruction in the Program 
Memory. The processor always refers to the PC for the next 
instruction. During branches or jumps, the PC is automati- 



cally loaded with the correct address. If the address of the 
next instruction is required to be stored, or is an interrupt 
or subroutine call, the PC content is placed on the internal 
Stack. 



3.15 STACK 

The internal Stack consists of six 16-bit registers. The PC 
contents are automatically placed on the stack if a CALL 
instruction is performed. Upon the RET instruction, the 
Stack loads the return address back into the PC. The use 
of the PUSH and POP instruction provides flexibility to the 



stack. Data can be placed on the stack with the PUSH 
instructions and data can be removed from the stack with 
the POP instruction. The PUSH and POP instructions also 
provide expansion of the stack through software routines. 



3.16 TEMPORARY REGISTERS 

Several registers can be used temporarily if the function 
requiring the register is not being used. Temporary regis- 
ters can include the X and Y registers Stack, Pointer 
Registers, Data Pointers, Accumulator and external regis- 



ters. Remember, loading the X or Y registers causes a 
multiplier so care must be taken if P register data is 
important. 



3.17 VIRTUAL REGISTERS 

The Virtual Registers consist of the registers that are not 
existent on the processor but provide additional RAM and 
register space. These include the Data Pointers, External 
Registers and D bus. 

3.17.1 Data Pointers 

Like the Register Pointers, the Data Pointers provide direct 
access to locations in Data RAM or indirect access to 
Program ROM. These pointers can contain operands or 
addresses. The Data Pointers use four bits to locate a 
specific register and are thus capable of accessing up to 
sixteen registers. Since there are two RAM Banks, and 1 , 
up to 32 registers are accessible by the Data Pointers 
(eight at a time). The format for register location is: 



RAM Bank # Status Register Pointer # 
Bits 3 and 4 

b S4 S3 n1 nO 

- 4-bit address 

where n and b are determined by the instruction. (Dn:b) 



Example 3.7. Multiply using Data Pointers 

Initialization: S4 = 1 

S3 = 

Instruction MLDD2:1,D1:0 

This instruction will multiply the two operands addressed 
by the Data Pointers. D1 :0 addresses RAM Bank 0, regis- 
ter S4/S3/n1/n0 (1000). This corresponds to RAM Bank 0, 
register 8. D2:1 addresses RAM Bank 1, register 1010. 
This corresponds to RAM Bank 1 , Register A. 



The Data Pointer can also be used to access Program 
ROM as follows: 

LD X, @D1:0 

This instruction accesses Program ROM by using the @ 
symbol with the Data Pointer. The content of the Data 
Pointers must contain the address of the requested ROM 
data to be transferred to the X register. The Data Pointer's 
contents are automatically incremented when Program 
ROM is referenced. 
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Data Pointer Format 
Dn:b 

n = Pointer number 
b = RAM Bank number 



001 OH 



000CH 



0008H 



0004H 



0000H 



S4/S3 = 1 1 



S4/S3 = 10 



S4/S3 = 01 



S4/S3 = 00 



D3:0 
D2:0 
D1:0 
D0:0 



001 OH 



OOOCH 



0008H 



0004H 



OOOOH 



S4/S4 = 1 1 



S4/S3 = 10 



S4/S3 = 01 



S4/S3 = 00 



D3:1 
D2:1 
D1:1 
D0:1 



RAM BANK (b=0) 



RAM BANK 1 (b=1) 



Figure 3.8. Data Pointers Memory Map 



USEP 



3.17.2 D-Bus Register 

The 1 6-bit D-bus provides access to RAM, Stack, Program 
Counter, RAM pointers and I/O information. This bus can 
be read by using the virtual register, BUS (LD A, BUS). This 
instruction places the information on the D-bus into the 
accumulator. 

3.17.3 External Registers 

The DSP provides the capability to address a minimum of 
eight external devices using I/O pins EAO, EA1 and EA3. 
Control signals RDYE, ER//W and /El are available to 
provide signals for data transfer across the 1 6-bit external 
I/O port. The processor treats external address spaces as 
registers, thus making it possible to perform single cycle 
execution. Access to the external address is possible by 
the EXT reference. Expansion of the addressing capability 
is possible. 



Example 3.8. External Register Access 
single cycle execution 

LD A, EXT3 
LD @P2:1,EXT7 
LD EXT2, #%4536* 
ADD A, EXT5 

•immediate loads require two cycles. 

The first instruction will load the data at external register 3 
to the Accumulator. The second instruction will take the 
information in external register 7 to the RAM location 
specified by Pointer 2, RAM Bank 1. The third instruction 
will place the direct operand 4536H (16-bit data) in exter- 
nal register 2. The fourth instruction adds the accumulator 
with the data received by external register 5. See Chapter 
7 (External Interfaces) for additional information. 



EXTO-15 



EAO 
EA1 
EA2 



ER//W 
/RDYE 

/El 



16 BIT I/O 



Address 
Decoder 



External 
Peripheral 



/CS 



R/AV 



Data 
Strobe 



Figure 3.9. External Interface 
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The processor is based on a Harvard type architecture, 
with independent program and data buses providing 
efficient execution of instructions and transferring of data. 
The Data bus is further divided into two separate buses, D 
and P bus. The 16-bit D bus provides access to RAM, 



Stack, Program Counter, Register Pointers and I/O infor- 
mation. The 24-bit P bus provides access to the ALU, ACC, 
and Multiplier outputs. The External Program Bus provides 
data via a 1 6-bit address and 1 6-bit data bus (PAO-1 5 and 
PDO-15). 



3.19 SHIFTER 

The shifter located between the P-bus and accumulator 
accommodates the need for scaling of incoming data. 
During the MPYA or MPYS instructions, the incoming data 



into the accumulator can be shifted three bits to the right 
to prevent overflow of data in the accumulator. The control 
bit is contained in the Status Register (SR). 



3.20 USER I/O 

Two user inputs and two user outputs are available to 
monitor external peripherals or control the processor pro- 
gram flow. See Chapter 7 (External Interfaces). 
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Chapter 4 

Addressing Modes 

4.1 INTRODUCTION 

Access to the Data RAM and Program ROM is accomplished ■ Register Direct 

by the four different addressing modes offered by the ■ Register Indirect 

Z89CXXDSPs,providingflexibilityandspeedinaccessing ■ Shortform Direct 

data available to the processor. ■ Immediate 



4.2 REGISTER DIRECT ADDRESSING 

In Direct Addressing mode the address of the RAM is 
directly specified by the address field of the instruction. 
Since the address space of RAM consumes nine bits 
(0-511), some instructions cannot use the direct address- 
ing mode. 



Example 4.1 . Register Direct Addressing 

SUB A, 320 

This instruction accesses register 320 (140H). This also 
corresponds to Register 64 (40H), RAM Bank 1 . Direct 
addressing places the content of Register 320 into the 
accumulator. The result of the subtraction is placed in the 
accumulator, leaving register 320 unaffected. 



4.3. REGISTER INDIRECT 

The most commonly used method of addressing is register 
indirect. In this method the RAM address is specified by 
one of the three available register pointers available for 



each RAM bank. The instruction specifies a specific reg- 
ister pointer. The pointer contains the address of the 
requested RAM data. 
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4.3 REGISTER INDIRECT (Continued) 



DSP Program Memory 



DSP RAM Pointer 



DSP RAM 











Points to 
RAM Pointer 




Points to 
DSP Register 




Opcode 


Address 


Operand 




>■ 















Figure 4.1 DSP Register Pointer Addressing 



Figure 4. 1 shows the execution pattern of a typical indirect 
addressing instruction. The instruction determines which 
RAM pointer to use. The RAM pointer contains the address 
of the needed operand. 



t Addressing 



LD 
ADD 



P2:1,#128 
A, @P2:1 



Note: The pointer registers are accessed by an 8-bit 
address; therefore, the load instruction in the example can 
only use the value 0-FFH (0-255 decimal) when loading a 
pointer with a specific register address. Access to the 
whole 512 byte register space is possible by use of the 
RAM Bank selection bit b (Pn:b). RAM Bank 1 is used in the 
example. For direct register access, it is possible to 
access the whole register space - 1 FFH (0-51 1 decimal) 
(LD 124, #128). 



The LD instruction loads 80H ( 1 28 decimal) into Pointer 2, 
Bank 1 . The ADD instruction uses the value in Pointer 2, 
Bank 1 to address the needed operand information. 
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Shortform Direct Addressing provides access to the lower 
16 registers of each RAM Bank. This addressing method 
is used in conjunction with the Data Pointers. Efficiently 
accessing these 16 registers requires a 4-bit address. 
Determination of which RAM bank to use is provided by the 
instruction. The format for register location is: 



Ram Bank # Status Register Pointer # 
Bits 3 and 4 

b S4 S3 n1 nO 

4-bit address 

where n and b are determined by the instruction. (Dn:b or 
D1:1) 

The 4-bit address is provided by the status register bits 3 
and 4 and the information is provided by the Pointer 
Register notation n. 



Example 4.3. Data Pointers 

Initialization: S4 = 1 

S3 = 

Instruction: CP A, D3:1 



This instruction will compare the operand contained in 
Data Pointer D3:1 to the accumulator and set/reset the 
appropriate flags. The data location in RAM is contained in 
Register S4 S3 n1 n2 (1 01 1 ), Bank 1 . Thus, the data in RAM 
Bank 1, Register B is compared to the Accumulator. 



RAMO 



RAMI 



RAM Pointers 
POO I I 
P1:0 [ 
P2:0 | 



%37 




%FF RAM Pointers 

I I P0:1 

I I P21 



%04 -4- 



S4/S3 = 01 



%00 



Data Pointers 





%0321 















D0:1 • 
D1:1 
D2:1 
D3:1 



9®P1:0 



Both of theFollowing 
Instructions Load %1234 
into the Accumulator. 

LD A,«®P1:0 
LD A,®D0:1 



Figure 4.2. RAM, ROM, and Pointer Architecture 
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4.5 IMMEDIATE ADDRESSING 

In this addressing mode the operand is specified by the 
instruction itself. This method is convenient for direct 
loading of information to a register or loading of an operand 
for calculations. 
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The first instruction loads the Y register, input to the 
multiplier, with the value 1234H. The second instruction 
adds the value 80H to the accumulator. 



Example 4.4. Immediate Addressing 



LD 
ADD 



Y, #%1234H 
A, #128 
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Chapter 5 

Instruction Set Features 



5.1 INTRODUCTION 

The DSP instruction set, consisting of 30 basic instruc- 
tions, is optimized for high code density and reduced 
execution time. Single cycle instruction execution is pos- 
sible on most instructions, including multiplications and 
I/O operations. 



The format for opcodes and addressing modes is given 
but generally is not required, as the assembler removes 
the burden of hand constructing the instruction format. 
Mnemonics are conveniently given which the assembler 
translates. Occasionally the system designer can refer to 
the instruction format to assist in debugging. 



5.2 INSTRUCTION SUMMARY 

The DSP instruction set can be broken down into the 
following groups: 

■ Accumulator Modification 

■ Arithmetic 

■ Bit Manipulation 

■ Load 



■ Logical 

■ Multiply 

■ Program Control 

■ Rotate and Shift 

The following tables list the instructions pertinent to each 
of these groups. 



Table 5.1 Arithmetic Instructions 



Mnemonic 


Operands 


Instruction 


ADD 


<cc>, A 


Add 


CP 


A, <src> 


Compare 


SUB 


A, <src> 


Subtract 


Table 


5.2. Accumulator Modification 


Mnemonic 


Operands 


Instruction 


ABS 


<cc>, A 


Absolute Value 


CP 


A, <src> 


Comparison 


DEC 


<cc>, A 


Decrement 


INC 


<cc>, A 


Increment 


NEG 


<cc>, A 


Negate 



Table 5.3. Bit Manipulation Instructions 

Mnemonic Operands Instruction 



CCF 


none 


Clear Carry Flag 


CIEF 


none 


Clear Interrupt Enable Flag 


COPF 


none 


Clear Overflow Protection 






Flag 


SCF 


none 


Set Carry Flag 


SIEF 


none 


Set Interrupt Enable Flag 


SOPF 


none 


Set Overflow Protection 
Flag 




Table 5.4 Lo: 


id Instructions 


Mnemonic 


Operands 


Instruction 


LD 


<dest>,<src> Load 


POP 


<dest> 


Pop 


PUSH 


<src> 


Push 
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5.2 INSTRUCTION SUMMARY (Continued) 








Table 5.5 Logical Instructions 


Table 5.7 Program Control Instructions 


Mnemonic Operands Instruction 


Mnemonic 


Operands 


Instruction 


AND A, <src> Logical AND 

OR A, <src> Logical OR 

XOR A <srr> 1 oniral Fxrlu«;ivp OR 


CALL 

JP 

RET 


address 
address 
none 


Call Procedure 

Jump 

Return 


Table 5.6 Multiplication Instructions 


Table 5.8 Rotate an 


d Shift Instructions 


Mnemonic Operands Instruction 


Mnemonic 


Operands 


Instruction 


MLD <srcl>,<src2> Clear, Load, and Multiply 
MPYA <srcl>,<src2> Add, Load, and Multiply 
MPYS <src1>,<src2> Subtract, Load, and 
Multiply 


RL 
RR 
SLL 
SRA 


<cc>, A 
<cc>, A 
<cc>, A 
<cc>, A 


Rotate Left 
Rotate Right 
Shift Left Logical 
Shift Right Arithmetic 



5.3 INSTRUCTION OPERANDS 



Operands for the variety of instructions offered by the DSP diate Data and Memory, 
are obtained from the use of the Register Pointers, Data instruction operands. 
Pointers, Hardware Registers, Direct Addressing, Imme- 

Table 5.9 Instruction Operand Summary 



Symbolic Name 



Syntax 



There are nine distinct types of 
Description 



<pregs> 
<dregs> 
<hwregs> 

<accind> 

<direct> 

<limm> 

<simm> 

<regind> 



Pn:b 
Dn:b 

X,Y,PC,SR,P 
EXTn,A,BUS 

@A 

<expression> 

#<const exp> 

#<const ext> 

@Pn:b 
@Pn:b+ 
@Pn:b+Loop 
@Pn:b-Loop 

@@Pn:b 
@Dn:b 

@@Pn:b+Loop 
@@Pn:b-Loop 




Register Pointer 
Data Pointer 
Hardware Registers 

Direct Address Expression 

Long (16-bit) Immediate 

Short (8-bit) Immediate Value 

Indirect Addressing 
of RAM 



Indirect Addressing 
of ROM 
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The instruction operands listed in Table 5.9 
described below with examples. 



Example 5.1 . Instruction Mnemonics/Operands 



# 


Instruction 


Mnemonic/Operand 
Representation 


1 


LD P2:0, #%F2 


LD <pregs>,<simm> 


2 


MPYA A, @P2:0 


MPYA <hwreg,<regind> 


3 


LD X, @A 


LD<hwreg>,<accind> 


4 


LD Y, #%3CF5 


LD<hwreg>,<limm> 


5 


SUB A, @@P2:0 


SUB A,<memind> 


6 


OR A, @D2:0 


OR A,<memind> 


7 


ADD A, %F2 


ADD A,<direct> 


8 


PUSH D1:1 


PUSH<dregs> 



<pregs> The register pointer mode is used for load- 
ing the pointer with the appropriate RAM 
address. This address references the RAM 
location storing the requested data. The 
pointer can also be used to store 8-bit data 
when used as a temporary register. The 
pointers are connected to the lower 8 bits of 
the D bus. Instruction 1 loads Pointer 2, 
RAM Bank with the value F2H. 

<regind> The register indirect mode is used for indi- 
rect access to RAM. As noted in the instruc- 
tion 2, the register indirect address method 
is used in obtaining the operand to multiply 
with the accumulator. 

<dregs> The data pointer mode is used as an indi- 
rect addressing method similar to the @P2:0. 
The data pointers access the lower 16 bits 



of each RAM bank. Instruction 8 uses this 
indirect addressing to push information onto 
the stack. (See section 3.17.1 for additional 
information). 

<memind> Pointer or Data Registers can be used to 
access program memory. Both are com- 
monly used to reference Program Memory. 
Instructions 5 and 6 display the use of this 
addressing method. When either pointer 
references Program memory, the RAM ad- 
dress associated with the pointer is auto- 
matically incremented .This assists in trans- 
fer of sequential data. 

<accind> Another method of indirect addressing is 
the use of the accumulator in storing the 
address. Instruction 3 shows the use of this 
method. 

<direct> The absolute RAM address is given by the 
direct mode. A range between and 511 
(000 to 1 FF) can be used . The accumulator 
is used in conjunction with this method as a 
source or destination operand. Instruction 
7 displays the accumulator as the destina- 
tion. 

<limm> This indicates a long immediate load. A 16- 
bit word can be copied directly from the 
operand into the specified register or 
memory. Instruction 4 uses this method. 

<simm> This can only be used for immediate trans- 
fer of 8-bit data in the operand to the speci- 
fied RAM pointer. See instruction 1 . 



5.4 INSTRUCTION FORMAT 

The following section discusses the instruction format that 
specifies to the processor what action should be taken. 
This information consists of the opcode, destination, source 
and other special bits. The Assembler makes this opera- 
tion transparent to the user by providing mnemonics for the 
software developer to use. Occasionally the developer 
can refer to the instruction format and development code 
to assist in debugging. Examples will be given to clarify the 
various instruction formats and explain how specific bit 
patterns are developed and evaluated. 



Most instructions require one 1 6-bit word containing all the 
necessary information for the processor to execute the 
instruction correctly. This process requires one clock 
cycle for execution. Immediate addressing, immediate 
operands, jumps and calls require two 1 6-bit words; thus, 
two clock cycles. Each instruction type has a unique 
opcode and formatto differentiate the various instructions. 
Different operations also have unique formats. 
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5.4 INSTRUCTION FORMAT (Continued) 

Note: The Variables a.op.b.d.s.cc.am.fm.rp are used in 
the instruction format to depict bits that are determined by 
the instruction used. 

Example 5.2. MLD and INC formats 

MLD 9P0:1. 8P2:0 



Instruction Formal 

15 14 13 12 11 10 9 8 



7 6 5 4 3 2 



1 1 1 1 11 












RAM B 


ank P0:1 


P2 





INC A 

Instruction Formal 
15 14 13 12 11 


10 9 8 


7 6 5 4 


3 2 


1 


10 10 


C C 





1 






x Represent 
9004H 



opcode 



Condition Code Modification Code 



The multiply instruction requires that two operands be 
defined in the instruction (P0:1 and P2:0). The increment 
instruction requires that a condition and modification code 
be specified. The opcodes for each instruction are differ- 
ent, allowing the processor to differentiate between a 
multiply and increment. Notice that the formats are also 
different. The opcode also informs the processor what 
format the instruction/data will be in. The processor re- 
ceives B702H and determines it is a multiply instruction. 



Consider the next instructions: 

Example 5.3. INC and SL formats 



Instruction Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



| 1 1 





1 | 


su 

Instruction Format 
15 14 13 12 11 10 9 


Condition Code 
8 7 6 5 4 


Modification Codt 
3 2 10 


| 1 1 





, ,| 



Hex Representation 
9004H 



Both instructions have the same opcode (an accumulator 
modification format). Notice that the last four bits deter- 
mine which type of operation the accumulator will perform. 



5.5 INSTRUCTION BIT-CODES 

Each instruction requires that a source/destination ad- 
dress, condition code, modification code, ram bank selec- 
tion, or register pointer designator be given. The following 
tables list the options available and their corresponding 
bit-code. (Examples of bit-code evaluation is given in the 
next section) 



5.5.1 Condition Codes 

Condition Codes are used in accumulator modifications, 
calls or jump instructions. 



Table 5.10. Condition Code Bits 



Bit Code 


Mnemonic 


Condition 




Condition 






Code Value 




Code 


00000 


F 






False 


00001 








unused 


UUU 1 u 


mi in 

INUU 


i nn— n 

UIU — u 




Flint I Icor ~7arr~\ 


0001 1 


NU1 


UI1=0 




Not U^pr Onp 


00100 


NC 


C=0 




No Carry 


00101 


NZ 


Z=0 




Not Zero (Not Equal) 


00110 


NOV 


OV=0 




No Overflow 


nni 1 1 

UU I I I 


PI 

rl_ 


In— U 




rlUo ^IILH llcyallvc^ 


01 xxx 










10000 


T 






True 


10001 


— 






unused 


10010 


uo 


UI0=1 




User Zero 


10011 


U1 


UI1=1 




User One 


10100 


c 


C=1 




Carry 


10101 


z 


Z=1 




Zero (Equal) 


10110 


ov 


OV=1 




Overflow 


10111 


Ml 


N=1 




Minus (negative) 


1xxxx 








unused 


5.5.2 Accumulator Modification Codes 


Table 5.11. Accumulator Modification Bits 


These codes determine what type of modification is to be 


Bit Code 






done on the accumulator. Condition codes are also used 


Mnemonic Operation 


with these type of instructions. 




0000 


RR 


Rotate Right 






0001 


RL 


Rotate Left 






0010 


SR 


Shift Right 






0011 


SL 


Shift Left 






0100 


INC 


Increment 






0101 


DEC 


Decrement 






0110 


NEG 


Negate 






0111 


ABS 


Absolute 



5.5.3 Flag Modification Codes 

Flag modifications are used to initialize or set/reset the bits 
for accommodating interrupts, overflows or carrys. 



Table 5.12. Flag Modification Bits 



Bit Code 


Mnemonic 


Operation 


Flag 


value 


xx10 


CCF 


Clear Carry 


C 


= 


xxfi 


SCF 


Set Carry 


C 


= 1 


x1x0 


CIEF 


Clear Interrupt Enable 


IE 


= 


x1x1 


SIEF 


Set Interrupt Enable 


IE 


= 1 


1xx0 


COPF 


Clear Overflow Protection 


OP 


= 


1xx1 


SOPF 


Set Overflow Protection 


OP 


= 1 
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5.5.4 Source/Destination Field Designators 

Register Pointers and Data Pointers provide convenient 
access to data. The pointers are used as a source or 
destination field in instructions. The specific bit codes 
used are listed below. The Register Pointer offers optional 
incrementing or decrementing. This option is chosen by 
the instruction (LD A, @P2:1+). 



Table 5.13. Register Pointer/ Data Pointer Bits 



Bit Code 


Mnemonic 


OOxx 


NOP 


01xx 


+1 


10xx 


-1/loop 


11xx 


+1/loop 


xxOO 


P0:0or P0:1 


xx01 


P1:0orP1:1 


xx10 


P2:0or P2:1 


0011 


D0:0 or D0:1 


0111 


D1:0orD1:1 


1011 


D2:0or D2:1 


1111 


D3:0orD3:1 



Data Pointers are automatically incremented when ac- 
cessing Program Memory, (LD A, @D0:0) and thus do not 
require an incrementing option. Code in xx11 format is 
designated for a Data Pointer when source/destination 
format is used. 



Additional source/destination designators are the other 
hardware registers provided by the processor. How to 
determine if a Data Pointer, Register Pointer or a Register 
is used as a source/destination is explained in the next 
section. 



Table 5.14. Register Bits 



Bit Code 


Mnemonic 


0000 


Bus 


0001 


X 


0010 


y 


0011 


A 


0100 


SR 


0101 


STACK 


0110 


PC 


0111 


P 


1000 


EXT0 


1001 


EXT1 


1010 


EXT2 


1011 


EXT3 


1100 


EXT4 


1101 


EXT5 


1110 


EXT6 


1111 


EXT7 
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5.6 INSTRUCTION FORMAT EXAMPLES 

To clarify how the bit codes are used in the instruction 
format, a few examples will be given. Two types of instruc- 
tion formats will be presented. 



Instruction Format 
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15 14 13 12 11 10 9 


8 


7 


6 5 4 


3 2 1 







op op op op op op op 


b 


d 


d d d 


s s s 


s 


Hex Representation 
xxxxH 


opcode RAM Bank 


Destination 


Source 






Accumulator Modification Format 












15 14 13 12 11 10 9 


8 


7 


6 5 4 


3 2 1 







op op op op op op op 


cc 


CC 


CC cc cc 


am am am 


am 


Hex Representation 
xxxxH 



opcode 



Condition Code ACC Modification 



Note: The Variables a,op,b,d,s,cc,am,fm,rp are used in The General Instruction Format requires an opcode, RAM 
the instruction format to depict bits that are determined by bank bit, destination and source addresses. An example 



the instruction used. 



is LDA, @P2:1 + 



Load Instruction Format 



15 14 


13 


12 


11 


10 9 


8 


7 6 5 4 


3 2 


1 














1 


1 


11 


1 


1 



opcode 



RAM Bank Destination Source 



Hex Representation 
0336H 



The Opcode (0000001 ) provides a unique signature for the 
LD command. The processor uses this signature to deter- 
mine the format of the instruction. The RAM Bank bit is high 
due to the instruction definition of b=1 (Pn:b, see Chapter 
2, Register Pointers, for further information). The destina- 
tion bit code is 001 1 which corresponds to the accumula- 
tor (Table 5.14). The source 01 10 corresponds to the +1 
option and P2:0 or P2:1 as noted in Table 5.13. The RAM 
Bank bit clarifies that the processor will load the accumu- 
lator with the referenced operand given by Pointer 2 
Bank 1 . 



Note: The source and destination fields can be obtained 
from the register pointers, data pointers or registers. The 
opcode specifies what type of source and destination are 
used. An opcode of 0000101 specifies that the source will 
be an indirect address to program memory (@@P0:0 or 
@D0:0) and the destination will be a register (Table 5.14). 
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5.7 LISTING OF INSTRUCTION FORMATS 

Below is a listing of instruction formats and the instructions 
applicable to each. 

Note: Several instructions provide a variety of addressing 
modes in obtaining operands; therefore, the same instruc- 



tion may have several different formats depending on the 
addressing mode used. 

Note: The Variables a,op,b,d,s,cc,am,fm,rp are used in 
the instruction format to depict bits that are determined by 
the instruction used. 



General Instruction Format 
15 14 13 12 11 10 9 



7 6 5 4 3 2 1 



op op op op op op op 



d d d d 



s s 



Hex Representation 
xxxH 





opcode RAM Bank Destination Source 






Table 5.15. General Instruction Format 




Mnemonic 


Operands 


Bit Code 


Hex 








Representation 


ADD 


A, @P0:0 


1000001 0000 0000 


8200 


AND 


A, D1:1 


1100110 1 0000 0111 


AB07 


CP 


A,X 


0110000 0000 0001 


6001 


LD 


A.P 


0000000 0011 0111 


0037 


MLD 


@P0:1,@P0:0 


1011011 1 0000 0000 


B700 


MPYA 


@P1:1,@P2:0,ON 


1001011 1 0001 0010 


9712 


MPYS 


@P1:1-loop,@P2:0+,ON 


0011011 1 1001 0110 


3796 


POP 


X 


0000000 0001 0101 


0015 


PUSH 


D0:0 


0000001 0101 0011 


0253 


RET 




0000000 0110 0101 


0065 


SUB 


A,@D1:1 


0010101 1 0000 0111 


2B07 


XOR 


A,P2:0 


1111001 0000 0010 


F202 
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Accumulator Modification Format 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



op op op op op op op 



cc cc cc cc cc 



am am am am 



Hex Representation 
xxxxH 



opcode 



Condition Code ACC Modification 



Table 5.16. Accumulator Modification Format 



Mnemonic 


Operands 




Bit Code 


Hex 










Representation 


ABS 


Z,A 




1001000 1 0101 0111 


9157 


DEC 


A 




1001000 00000 0101 


9005 


INC 


NZ,A 




1001000 00101 0100 


9054 


NEG 


A 




1001000 00000 0110 


9006 


RR 


NUO.A 




1001000 00010 0000 


9020 


RL 


PL.A 




1001000 00111 0001 


9071 


SLL 


CA 




1001000 10100 0011 


9143 


SRA 


U1,A 




1001000 10011 0010 


9132 



Flag Modification Format 
15 14 13 12 11 10 9 



5 4 3 2 1 



op op op op op op op 



opcode 







cc cc cc cc cc 



fm fm fm fm 



Hex Representation 
xxxxH 



Condition Code Flag Modification 



Table 5.17. Flag Modification Format 



Mnemonic 


Operand 


Bit Code 






Hex 












Representation 


CCF 




1001010 


00000 


0010 


9402 


CIEF 




1001010 


00000 


0100 


9404 


COPF 




1001010 


00000 


1000 


9408 


SCF 




1001010 


00000 


0011 


9403 


SIEF 




1001010 


00000 


0101 


9405 


SOPF 




1001010 


00000 


1001 


9409 
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Direct Internal Addressing Format 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



op op op op op op op a a a a a a a a a 



Hex Representation 
xxxxH 



opcode 



9-bit internal address 











Table 5.18. Direct Internal Addressing Form: 


it 




Mnemonic 




Operand 




Bit Code 


Hex 

Representation 




ADD 
AND 
CP 
LD 






A,%FF 
A.255 
A.255 
%12, A 




1000011 011111111 
1010011 011111111 
0110011 011111111 
0000111 000010010 


86FF 
A6FF 
66FF 
0E12 




Short Immediate Addressing Format 
15 14 13 12 11 10 9 8 7 


6 5 4 3 2 1 








op op 


op 


op op 


rp rp rp 


a 


a a a a a a a 


Hex Representation 
xxxxH 





opcode register pointer 8-bit immediate address/data 



Table 5.19. Short Immediate Addressing Format 



Mnemonic 


Operand 


Bit Code 


Hex 








Representation 


LD 


P1:1, #%FA 


00011 101 11111010 


IDFA 
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Long Immediate Format 
















15 14 13 12 11 


10 9 


8 


7 6 5 4 


3 


2 1 











op op op op op 


op op 


b 


d d d d 


s 


s s 


s 


Hex Representation 
xxxxH 






opcode 


RAM Bank Destination 




Source 










iq AA 1Q 19 11 

1 It 1 O \C. II 


10 9 


8 


7 6 5 4 


3 


2 1 











Q Si 3 SL Si 


a a 


a 


a a a a 


a 


a a 


a 


Hex Representation 
xxxxH 








16-bit Address/Data 
















Table 5.20. Long Immediate Addressing Format 




Mnemonic 


Operand 








Hex 

Representation 




ADD 
AND 




A, #%1234 
A, #% 26A4 








8800 1234 
A800 26A4 




LD 

PUSH 

SUB 

XOR 




X. #%6FFC 
#%C32C 
A, #%2444 
A,#%AFC2 








0810 6FFC 
0850 C32C 
2800 2444 
E800 AFC2 




Jump Call Format 




















15 14 13 12 11 


10 9 


8 


7 6 5 4 


3 


2 1 











op op op op op 


op op 


cc 


cc cc cc cc 


s 


s s 


s 


Hex Representation 
xxxxH 






opcode 




Condition Code 




not used 










15 14 13 12 11 


10 9 


8 


7 6 5 4 


3 


2 1 











a a a a a 


a a 


a 


a a a a 


a 


a a 


a 


Hex Representation 
xxxxH 





16-bit Address/Data 



Table 5.21. Jump, Call Format 



Mnemonic 


Operand 


Hex 




Representation 


CALL 


END 


4800 0004 


JP 


U1, END 


4D30 0004 
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5.8 INSTRUCTION TIMING 

The DSP provides single cycle instruction execution. This 
is achieved through use of the independent data memory 
and program memory buses offered by the modified 
Harvard architecture and pipeline instruction execution. 
This method provides overlapping of instruction fetch and 
execution cycles. Figure 5. 1 depicts this operation. Notice 
that it takes two clock cycles to execute the first instruction; 
subsequent executions occur in a single cycle. It should 
be noted that all instruction fetch cycles have the same 
machine timing regardless of whether external or internal 
memory is used. Since two level it is a pipeline, the jump 
and call instructions do not disrupt the execution process. 



Z89C00 



_ 




In these two-byte instructions, the second byte is being 
fetched while the first byte is executing. Since the proces- 
sor knows that the instruction is a jump or call, the second 
byte is transferred to the program counter and the correct 
address is fetched into the pipeline. No disruption or 
flushing of the pipeline is needed. The pipeline flow is 
affected when the Program Counter is the destination for a 
load. Since the load instruction is a single word instruction, 
the next instruction is fetched while the load execution is 
taking place. To compensate for the instruction in the 
pipeline, that instruction is executed as a NOP. 



Clock 



Fetch 1 



Exe 



;ute 1 



Fetch 2 



Exet ute 2 



Figure 5.1. Pipeline Execution 
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5.9 INSTRUCTION OPCODES 



Inst. 


Description 


Opcode 


Synopsis 


Operands 


Words 


Cycles 


Examples 


ADC 

Abb 


Absolute Value 


1001 000 


■ 

ABS[<cc>,]<src> 


<cc>,A 




1 


A DC Mr 1 A 

ABS NC,A 






1001000 




A 


] 


1 


ABSA 


a nn 

ADD 


Addition 


1001001 


ADD<dest>,<src> 


A,<pregs> 




1 


ADD A,P0:0 






1000001 




A,<dregs> 


1 


1 


a r\r\ a r»r\ n 

ADD A,D0:0 






a A/inn nn 

10001 00 




A,<limm> 




2 


ADD A,#%1234 






a nrirn nn 

1000101 




A,<memind> 




3 


ADD A,@@P0:0 






1000011 




A,<direct> 




1 


ADD A,%F2 






1000001 




A,<regind> 




1 


ADD A, @P1:1 






1000000 




A,<hwregs> 


] 


1 


ADD A,X 


AND 


Bitwise AND 


1011001 


AND<dest>,<src> 


A,<pregs> 


] 


1 


AND A,P2:0 






1010001 




A,<dregs> 




1 


AND A,D0:1 






1010100 




A,<limm> 




2 


AND A,#%1234 






minim 

IU IU IU I 




rt,<iricrTimu> 




q 
o 


t\viu nySWr I .U 






1010001 




A,<direct> 


1 


1 


AND A, %2C 






1010001 


A,<regind> 


j 


1 


AND A,@P1:2+L00P 






1010000 




A,<hwregs> 




1 


AND A, EXT3 


CALL 


Subroutine call 


0010100 


CALL [<cc>,]<address> 


<cc>,<direct> 


2 


2 


CALL subl 






r\r\A r\ -a r\ r\ 

0010100 




<direct> 


2 


2 


CALL Z,sub2 


CCF 


Clpar rarrv flan 


100101(1 

1 UU IU IU 


CCF 


None 


1 


< 


CCF 


CIEF 


Clear Carry Flag 


1001010 


CIEF 


None 


1 


1 


CIEF 


COPF 


Clear OP flag 


1001010 


COPF 


None 


1 


1 


COPF 


CP 


Comparison 




CP<src1>,<src2> 














0111001 




A,<pregs> 


j 


j 


CP A,P0:0 






0110001 




A,<dregs> 






CP A,D3:1 






0110101 




A,<memind> 


1 




CP A,@@P0:0 






0110011 




A,<direct> 


1 


1 


CPA,%FF 






U I I UUU I 




n,<lcyillU> 






PP A f9)P9-1j. 






01 1 0000 

U 1 1 uuuu 




A -chwrpns^ 


1 


1 


CP A STACK 






0110100 




A,<limm> 






CPA,#%FFCF 


DEC 


nprrpmpnt 


1001000 


DEC r<cc> l<dest> 


<cc>A, 


, 


1 


DEC NZ.A 






1001000 




A 


1 


, 


DEC A 


INC 


Increment 


1001000 


INC [<cc>,] <dest> 


<co,A 


1 


1 




INC PL,A 






1001000 




A 


1 


1 


INC A 


JP 


Jump 


r\A r\r\A A A 

0100110 


JP [<cc>,]<address> 


<cc>,<direct> 


2 


2 


JP NIE.Label 






0100110 




<direct> 


2 


2 


JP Label 


LD 


1 nad rip^tinatinn 

luuu utiOni laiiui 


0000000 


LD<dest> <src> 


A,<hwregs> 


. 


1 


LD A,X 




with irrp 

Will 1 OUUI uc 


0000001 

UUUUUU I 




A,<dregs> 




1 


f D A D0 

LU i\, Ls\J ■ U 






0001 001 

UUu 1 UU 1 




A ^nrpn**^ 




1 


LD A P0:1 






0000001 




A,<regind> 


1 


1 


LD a!@P1:1 






0000101 




A,<memind> 






LDA,@D0:0 






0000011 




A,<direct> 






LD A, 124 






0000111 




<direct>,A 






LD124.A 






0000100 




<dregs>,<hwregs> 






LD D0:0, EXT7 






0001100 




<pregs>,<simm> 






LD P1:1,#%FA 






0001010 




<pregs>,<hwregs> 






LD P1:1,EXT1 






0000110 




<regind>,<limm> 






LD @P1:1,#%1234 






0000010 




<regind>,<hwregs> 






LD @P1:1+,X 
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5.9 


INSTRUCTION OPCODES 










Inst. 


Dascrintinn Oncode Svnntrcfc 


upci alius 


Words 


CvcIbs 

UIVlDv 


Exam Dies 




0001001 


<hwregs>,<pregs> 


1 


1 


LD Y,P0:0 




0000001 


<hwregs>,<dregs> 


1 


1 


LD SR,00:0 




0000100 


<hwregs>,<limm> 


2 


2 


LD PC.#%1234 




0100101 


<hwregs>.<accind> 


1 


3 


LD X,@A 




0000101 


<hwregs>,<memind> 


1 


3 


LD Y,@D0:0 




0000001 


<hwregs>,<regind> 


1 


1 


LDA,@P0:0-L00P 




0000000 


<hwregs>,<hwregs> 


1 


1 


LD X, EXT6 



Note: When <dest> is <hwregs>, <dest> cannot be P. 

Note: When<dest> is <hwregs> and <src> is <hwregs>, <dest> cannot be EXTn 
if <src> is EXTn, <dest> cannot be X if <src> is X, <dest> cannot be SR if <src> is SR. 
Note: When <src> is <accind> <dest> cannot be A. 



MLD Multiply 



1010010 
1010010 
1011011 
1011011 



MLD<src!>.<srcl> 

[,<bankswitch>] <hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MLD A,@P0:0+LOOP 
MLDA,@P1:0,OFF 
MLD@P1:1,@P2:0 
MLD@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind must be a bank register. 
Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <band switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYA Multiply and add 

1010010 
1010010 
1011011 
1011011 



MPYA<srcl>,<src2> 

[,<bank switch>] <hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



$ 

MPYAA,@P1:0,OFF 
MPYA@P1:1,@P2:0 
MPYA@P0:1,@P1:0,0N 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must be a 
bank register. 

Note: <hwregs> for srd cannot be X or A 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYS Multiply and 
subtract 



0010010 
0010010 
0011011 
0011011 



MPYS<srd>,<src2> 
[,<bank switch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MPYSA,@P0:0 
MPYSA,@P1:0,0FF 
MPYS @P1:1,@P2:0 
MPYS@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must 
be a bank register. 

Note: <hwregs> for srd cannot be X or A 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, <regind> the <bank switch> defaults to ON. 



NEG 


Negate 


1001000 
1001000 


NEG <co,A 


<cc>, A 
A 


1 

1 


1 

1 


NEG NZ.A 
NEGA 


NOP 


No operation 


0000000 


NOP 


None 


1 


1 


NOP 
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un Mjeai^oii^ 







1101001 




A, <pregs> 


1 1 


OR A, P0:1 






1100001 




A, <dregs> 


1 1 


OR A, D0:1 






1100100 




A, <limm> 




OR A,#%202 






I I UU I U I 




A, <memind> 




Un r\,%l/Wrc. 1 + 






1 1 now 1 




M, ^UllCUtJ* 


1 ? 








1 1 nnnm 

I I UUUU I 




n, s.l CLJII IU-> 




dr a tapi-fi-i nnp 

un n, i .u Luur 






1 1 oflonn 

1 1 uuuuu 






1 1 


f)R A FXTfi 
un n, ha i u 


POP 
rur 


P n n wq 1 1 1 a 

ruu vdiuc 


UUU I U I u 


pnp wHpcK 


<preQS> 




pnp pn-n 
rur ru.u 




frnm stark 


nnnm nn 

UUUU I UU 




<X6QS> 


1 1 


POP D0:1 






nnnnm n 

uuuuu I u 




<-icyii iu-> 


1 , 


pnp ©Pfi n 
rur ^fcyru.u 






0000000 

uuuuuuu 




■^hwrpn^ 
m iwicyo-* 


1 - 


POP A 


PUSH 


Push value 


0001001 


PUSH <src> 


<pregs> 


1 1 


PUSH P0:0 




onto stack 


0000001 




<dregs> 


1 i 


PUSH D0:1 






0000001 




<regind> 


1 1 


PUSH @P0:0 






nnnnnnn 
UUUUUUU 




<hwregs> 




rUon BUD 






nnnm nn 

UUUU I UU 




<IIMIIII> 


L L 


ruon # i coh j 






0100101 




<accind> 


1 3 


PUSH @A 






0000101 




<memind> 


1 3 


PUSH @@P0:0 


RET 


Return trom 


0000000 


RET 


None 


1 2 


RET 




subroutine 












RL 


Rotate Left 


1001000 


RL<co,A 


<co,A 


1 1 


RL NZ.A 






1001000 




A 


1 1 


RL A 


RR 


Rotate Right 


1001000 


RR <co,A 


<cc>,A 


] ] 


RRC.A 






1001000 




A 




RR A 


SCF 


Set C flag 


1001010 


SCF 


None 


1 1 


SCF 


SIEF 


Set IE flag 


1001010 


SIEF 


None 


1 1 


SIEF 


SLL 


Shift left 


1001000 


SLL 


[<co,]A 


1 1 


SLL NZ,A 




logical 


1001000 




A 


1 1 


SLL A 


SOPF 


Set OP flag 


1001010 


SOPF 


None 


1 1 


SOPF 


Onn 


^hift rinht 
oiiiii i iyi ii 


1 nm nnp. 

I UU I UUU 






1 1 


CPA N7 A 
onn Mi.^ 




arithmptir 

dl Hill IIOUO 


I UU I UUU 




A, 


1 - 


SRA A 


SUB 


Subtract 


0011001 


SUB<dest>,<src> 


A,<pregs> 


1 1 


SUBA,P1:1 






0010011 




A,<dregs> 


1 1 


SUBA,D0:1 






nm m nn 
001010U 




A ( <limm> 




CI ID A #0/ nfio 






0010101 




A, <memind> 




SUBA,@D0:1 






UU1 UU1 1 




A, <direct> 


] ] 


CI ID A 0/ it: 
oUD n, /o 1 J 






0010001 




n, <.icyiiiu> 




91 ir a (3)P9 n-i nnp 

OUD rt, iwrt.U LUU" 






0010000 






. 1 


CI ID A QTApK 
OUD rt, O 1 nOI\ 


XOR 


Bitwise exclusive OR 


XOR <dest>,<src> 












1111001 




A, <pregs> 




XOR A, P2:0 






1110001 




A, <dregs> 


1 1 


XORA,D0:1 






1110100 




A, <limm> 




XOR A,#1 3933 






1110001 




A, <memind> 




AUK A,<Sr7.1 + 






1110011 




A, <direct> 




XOR A, %2F 






1110001 




A, <regind> 




XOR A, @P2:0 






1110000 




A, <hwregs> 




XOR A, BUS 
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Chapter 6 

ASSEMBLY LANGUAGE INSTRUCTION SET 



6.1 INTRODUCTION 

The DSP instruction set, consisting of 30 basic instruc- 
tions, is optimized for high-code density and reduced 
execution time. Single cycle instruction execution is pos- 
sible due to pipeline and other architectural features. This 



chapter discusses the instruction set and provides ex- 
amples to assist in explaining their function. Below is the 
format of each instruction description: 



Mnemonic (ex. ABS) 
Mnemonic expansion (ex. Absolute) 

Instruction/Operands: Lists the possible types of addressing methods for a 

specific instruction (ABS A, ABS <cc>,A). 

Instruction Format: Displays instruction format for register indirect 

addressing (see Section 5.4 for additional 

Operation: 
Affected Flags: 
Description: 
Examples: 

Note: 

Each Assembly Instruction is provided with an example for each addressing mode available for the specific instruction. 
For further information, refer to the appropriate chapter describing the addressing modes. 

The following mnemonics are used in the instruction format: 

cc : condition code 
s : source address 
d : destination address 
b : RAM bank 



Displays operation sequence. 

Lists flags that are affected by operation. 

A description of the operation of the instruction. 

A simple example is given to display the operation of 
the instruction and how registers are affected. The 
example includes an initialization, instruction and 
result. Cycles and instruction length are also given. 



6-1 



3>ZiLQE 

ABS 

ABSOLUTE VALUE 

ABS <cc>, A 
ABS A 
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Accumulator Modification Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 1 cc cc cc cc cc 1 



opcode 



Condition Code ACC Modification 



Operation: 
Affected Flags: 
Description: 

Note: 

Example: ABS A 



Initialization: 



Instruction: ABS A 



If ACC < then -(ACC) — > ACC 
N: set if the accumulator has 800000H (see below). 

If the contents of the accumulator are determined to be less then zero (negative number), the 
absolute value of the accumulator is calculated (accumulator replaced by its two's complement 
value). Use of the condition code provides an additional method of status flag evaluation before 
the absolute value of the Accumulator is calculated. 

If the accumulator contains 800000H, the ABS A' instruction performs the two's complement 
with result A=800000H and the Overflow and Negative status bits set. No overflow protection is 
provided. 



cycles: 1 
words: 1 



Accumulator 
SR 



: FFEB00H 
: 0000H 



Result: 



Accumulator 
SR 



= 001500H 
=1000H 



Since the value in the accumulator is less then zero, the two's complement i 
accumulator. ABS(FFEBH)=001500H. The carry bit is set on this operation. 



and the result is placed in the 



Example: ABS <cc>,A 

Initialization: Accumulator 
Instruction: ABS MI,A 
Result: Accumulator 



cycles: 1 
words: 1 



456400H 



456400H 



The Condition Code (negative bit) is not set since the accumulator value is positive; therefore, the instruction will not 
be executed. 
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ADD 

ADDITION 



ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 



A,<regind> 

A,<memind> 

A,<limm> 

A,<hwregs> 

A,<direct> 

A,<pregs> 

A,<dregs> 



General Instruction Format 



15 


14 


13 


12 


11 


10 9 


8 


7 6 5 


4 


3 2 10 


1 














1 


b 








s s s s 



RAM 
Bank 



Destination 

\ 



Source 



Operation: 
Affected Flags: 



Description: 



Note: 



ACC + <source> — > ACC 

C: set if carry from the most significant bit is found 
N: set if result in the accumulator is negative. 
Z: set if result is zero 

OV: set if addition exceeds upper (7FFFFFH) or lower (800000H) 
limit of accumulator. 

The addressed data memory operand is added to the 
Accumulator. The result is loaded into the accumulator. 

The lower eight bits of the accumulator are unchanged 
during the execution of the add instruction. 
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ADD 

Example: 
Initialization: 

Instruction: 
Result: 
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ADD A < 



cycles: 1 
words: 1 



Accumulator 
P0:0 

RAM bankl: 4DH 
ADD A, @P0:0 

A 



123456H 

4DH 

8746H 



: 997A56H 
: 8746H 



The pointer P0:0 contains the RAM register location (4DH). The contents of RAM register 4DH are added to the 
accumulator to obtain the sum (874600H + 1 23456H = 997A56). The sum is contained in the accumulator and the pointer 
is left unchanged. The direct addressing equivalent would be ADD A, %4D or ADD A,77. (4DH = 77 decimal). 



Example: ADD A,<memind> 



cycles: 3 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

RAM bankO: 21 H 
ROM Address: 247AH 

ADD A, @@PO:0 

A 

P0:0 

RAM bankO: 21 H 



123400H 
21H 
247AH 
0C12H 



= 1E4600H 
= 21H 
= 247BH 



The pointer P0:0 contains the RAM register location (21 H). The contents of this register have a ROM address. This 
address refers to the ROM data that will be ADDed to the accumulator. 1 23400H + 0C1 200H = 1 E4600H. When memory 
indirect addressing is used, the ROM address is automatically incremented. This provides a convenient method of 
accessing sequential data. Use of ADD A,@@P0:0+ would perform the same operation and also increment the P0:0 
content to 22H. 



Example: ADD A,<limm> 



cycles: 2 
words: 2 



Initialization: 

Instruction: 

Result: 



Accumulator 
ADD A, #%0C12 

A 



= 123400H 



1 E4600H 



The immediate operand 0C12H is added to the accumulator to obtain the sum. 123400H + 0C1200H = 1E4600. 
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ADD 

Example: 

Initialization: 

Instruction: 
Result: 



ADD A,<hwregs> 

Accumulator 
Register X 

ADD A, X 

A 



cycles: 1 
words: 1 



123400H 
0C12H 



1E4600H 



The contents of Register X are added to the accumulator to obtain the sum. 1 23400H + 0C1 200H = 1 E4600H. Transfer 
from <hwregs> is possible from all hardware registers. 



Example: ADD A,<direct> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
RAM bankO: 



ADD A, %F3 

A 



= 123400H 
= 0C12H 



1 E4600H 



Register F3H is added to the accumulator to obtain the sum. 123400H + 0C1200H = 1E4600H. An equivalent instruction 
is ADD A.243 (F3H = 243 decimal). 



Example: ADD A,<dreg> 



Initialization: 

Instruction: 
Result: 



Accumulator 
D0:1 

ADD A, D0:1 

A 

D0:1 



123400H 
8746H 



= 997A00H 
= 8746H 



cycles: 1 
words: 1 



The contents of the data pointer D0:1 are added to the accumulator. The sum is contained in the accumulator and 
the pointer is left unchanged. The data pointer contains 8746H. 
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ADD 

Example: ADD A, <preg> 



s: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

ADD A, P0:0 

Accumulator 



123400H 
56H 



128A00H 



The contents of the pointer register P0:0 are ADDed to the accumulator. 123400H + 005600H = 128A00H. The Pointer 
Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 16-bits of the P-bus. This 
causes the pointer register operand to become 005600H before being added to the accumulator. 
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User 



AND 

BITWISE AND 

AND A,<regind> 
AND A,<memind> 
AND A,<limm> 
AND A,<hwregs> 
AND A,<direct> 
AND A,<pregs> 
AND A,<dregs> 



Instruction Format: 

General Instruction Format 



15 14 13 12 11 


10 


9 


8 




7 6 5 4 


3 2 10 


110 





1 


b 





s s s s 


opcode 






RAM 
Bank 


Destination 


Source 



Operation: 
Affected Flags: 



Accumulator AND. <source> 



Accumulator 



N : set if accumulator result is less than zero. 
Z : set if accumulator result is zero 



The specified Data is ANDed with the Accumulator and the result is placed in the Accumulator. 
The lower eight bits of the accumulator are cleared when execution of this instruction occurs. 
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AND 

Example: AND A, 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:1 

RAM Bankl: 45H 
AND A, @P0:1 

Accumulator 



123456H 

:45H 

8746H 



: 020400H 



The data in RAM Bankl referenced by RAM Pointer is ANDed with the Accumulator. The result is placed in the 
Accumulator. 123456H .AND. 874600H = 020400H. 



Example: AND A,<memind> 



cycles: 3 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

RAM bankO: 45H 
ROM Address: 047AH 

AND A, @@PO:0 

A 

P0:0 

RAM bankO: 45H 



123400H 
45H 
047AH 
8746H 



: 020400H 
: 45H 
: 247BH 



The pointer P0:0 contains the RAM register location (45H). The contents of this register has a ROM address. This address 
refers to the ROM data that will be ANDed to the accumulator. 123400H .AND. 874600H = 020400H. When memory 
indirect addressing is used the ROM address is automatically incremented. This provides a convenient method of 
accessing sequential data. Use of AND A,@@P0:0+ would perform the same operation and also increment the P0:0 
content to 46H. 



Example: AND A, <limm> 



Initialization: 

Instruction: 

Result: 



Accumulator 
AND A, #%1234 

Accumulator 



■■ 362400H 



= 122400H 



cycles: 2 
words: 2 



The immediate operand 1234H is ANDed to the accumulator to produce the result. 362400 AND. 123400 = 122400H. 
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AND 

Example: 

Initialization: 

Instruction: 
Result: 



A,<hwregs> 

Accumulator 
Register X 

AND A, X 

A 



= 123400H 
= 0C12H 



.001000H 



cycles: 1 
words: 1 



The contents of Register X are ANDed to the accumulator to obtain the result. 123400H .AND. 0C1200H = 001000H. 
Transfer from <hwregs> is possible from all hardware registers. 



Example: AND A,<direct> 
Initialization: 



cycles: 1 
words: 1 



Instruction: 
Result: 



Accumulator 
RAM bankO: F3H 

AND A, %F3 

A 



123400H 
0C12H 



: Q01000H 



Register F3H is ANDed to the accumulatortoobtain the result. 123400 AN DOC 1200= 001000H. Anequivalent instruction 
is AND A.243 (F3H = 243 decimal). 



Example: AND A, <dreg> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
D0:0 

AND A, DO:0 

Accumulator 



123400H 
2645H 



= 020400H 



The data register, D0:0, is used to reference the operand 2645H. This is ANDed to the accumulator to produce the result. 
123400H .AND. 2645H = 020400H. 



Example: AND A, <preg> 



Initialization: 



Accumulator 
P0:0 



Instruction: AND A, PO:0 

Result: Accumulator 



123400H 
56H 



001400H 



cycles: 1 
words: 1 



The contents of the pointer register P0:0 are ANDed to the accumulator. 123400H .AND. 005600 = 001 400H. The Pointer 
Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 1 6 bits of the P-bus. This causes 
the pointer register operand to become 005600H before being added to the accumulator. 
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CALL 

SUBROUTINE CALL 



Syntax 



Call Format 



CALL <cc>,<direct> 
CALL <direct> 



15 


14 


13 12 11 


10 


9 


8 


7 6 5 4 


3 2 10 

















b 


cc cc cc cc 


s s s s 






opcode 








Condition Code 


not used 


15 


14 


13 12 11 


10 


9 


8 


7 6 5 4 


3 2 10 


a 


a 


a a a 


a 


a 


a 


a a a a 


a a a a 



16-bit Address 

PC + 2 — > STACK 
16-bit Address — > PC 



Description: 



None 

The current Program Counter (PC) register content is incremented by two and placed on the 
stack. The address of the specified label in the CALL instruction is then placed in the PC register. 
The jump is made to the appropriate subroutine via the PC. The condition code option is used 
for control if execution of the CALL should occur. 
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CALL <direct> 



cycles: 2 
words: 2 
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Initialization: 

Instruction: 
Result: 



PC 
FFT2 
Stack Level 

CALL FFT2 

PC 

Stack Level 
Stack Level 1 



: 1FFBH 
: F234H 
: 0025H 



: F234H 
: 1 FFDH 



The call to the subroutine FFT2 places PC+2 (1FFDH) on the stack. All information currently on the stack is pushed up 
the stack. The subroutine address is then placed in the PC register. The processor will then execute the next instruction 
addressed by the PC, the FFT2 subroutine. 



Example: CALL <cc>,<direct> 



Initialization: PC 

FFT2 subroutine address 
Stack Level 
UO (User Zero Bit) 

Instruction: CALL UO, FFT2 



cycles: 2 
words: 2 

= 1FFBH 
= F234HH 
= 0025H 



Result: PC = F234H 

Stack Level = 1 FFDH 

Stack Level 1 = 0025H 

The condition code UO is first tested by the processor before execution of the CALL instruction is executed. Since 
the UO bit is enabled, the CALL routine will be executed exactly as the previous example. The condition code UO is 
input to the processor that will determine if subroutine FFT2 should be used. Another CALL instruction can determine 
if another subroutine, FFT1, should be used. 
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CLEAR CARRY FLAG 



CCF 
Syntax 



CCF 
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Flag Modification Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 



1 



000 00 00 1 



opcode Condition Code Flag Modification 

Operation: Zero — > Carry Bit 



Affected Flags: 


C : set to zero 








Description: 


The Clear Carry Flag instruction resets the carry fle 


ig with a zero. 




Example: CCF 






cycles: 1 
words: 1 




Initialization: 


SR 


= 3000H 






Instruction: 


CCF 








Result 


SR 
C 


= 2000H 
= 
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CIEF 

CLEAR INTERRUPT ENABLE FLAG 



CIEF 
Syntax 



CIEF 



Clear IE Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 



1 







10 



opcode 
Operation: 
Affected Flags: 
Description: 



Condition Code Flag Modification 

Zero — > IE bit 
IE : set to zero 

The Clear Interrupt Enable Flag instruction resets the IE flag with a zero. 



Example: CIEF 

Initialization: 
Instruction: 
Result: 



cycles: 1 
words: 1 



SR 

CIEF 

SR 
IE 



3080H 



3000H 
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COPF 

CLEAR OVERFLOW PROTECTION FLAG 

COPF 

Syntax COPF 



Flag Modification Format 



15 14 13 12 11 


10 9 


8 7 6 5 4 


3 2 10 






1 ft ft 1 11 


1 





10 






opcode 




Condition Code 


Flag Modification 




Operation: 


Zero - 


-> OP bit 








Airecieo riagSa 


OP 


:set to zero 








Description: 


The Clear Overflow Protection Flag instruction resets the OP flag with a zero. 




Example: COPI 


: 






cycles: 1 
words: 1 




Initialization: 


SR 




= 0100H 






Instruction: 


COPF 








Result: 


SR 
OP 




= 0000H 
= 
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CP 

COMPARISON 



Syntax 



CP A,<regind> 
CP A,<memind> 
CP A,<limm> 
CP A,<hwregs> 
CP A,<direct> 
CP A,<pregs> 
CP A,<dregs> 



General Instruction Format 



15 


14 13 


12 


11 


10 9 


8 


7 


6 


5 4 


3 2 10 





1 1 








1 


b 











s s s s 



opcode 

Operation: 
Affected Flags: 



RAM 
Bank 



Destination 



Source 



A - <source> — > set appropriate status bits 



C : set if carry is required for operation 
Z : set if operands are equal. 

OV : set if operation exceeds the low (800000H) or high limit (7FFFFFH) of accumulator. 
N : set if result is negative 

The contents of the specified register in the instruction are compared to the Accumulator in 16- 
bit mode. The specified register is subtracted from the Accumulator and the appropriate flags 
are set. Since the registers are 16-bit, a comparison with the 24-bit Accumulator requires that 
the lower eight bits of the Accumulator be filled with zeros to ensure accurate comparisons. The 
instruction does not affect the contents of the accumulator except when the overflow protection 
bit is set and an overflow occurs after execution of the compare. The accumulator will be updated 
with the appropriate low (800000H) or high (7FFFFFH) limit. 
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CP 

Example: CP A, <regind> cycles: 1 

words: 1 



Initialization: 

Instruction: 
Result: 



A 

P2:1 

RAM bankl: 



A4H 



CP A, @P2:1 

A 
SR 



= 7A2500H 
= A4H 
= 5463H 



=7A2500H 
=1000H 



The operand referenced by P2:1 is subtracted from the Accumulator. 7A2500H - 546300H =25C200H. Since the 
comparison did not yield a zero, the zero bit is not set. Notice that content of the P2:1 register is appended with eight 
additional zero bits. To ensure consistent comparisons, the Accumulator must contain zeros in the lower eight bits. Also 
note that the accumulator is unaffected by the operation. 



Initialization: 

Instruction: 
Result: 



1 A,<memind> 



A 

P2:1 

RAM bankl: A4H 
ROM Address: 5463H 

CP A, @@P2:1 

A 

P2:1 

RAM bankl : A4H 
SR 



7A2500H 
A4H 
5463H 
0C12H 



7A2500H 
A4H 
5464H 
1000H 



cycles: 3 
words: 1 



The pointer P2: 1 contains the RAM register location (A4H). The contents of this register have a ROM address. This address 
refers to the ROM data that will be compared to the accumulator. 7A2500H - 0C1 200H = 6E1 300H. Since the comparison 
did not yield a zero, the zero bit is not set. When memory indirect addressing is used, the ROM address is automatically 
incremented. This provides a convenient method of accessing sequential data. Use of CP A,@@P2:1+ would perform 
the same operation and also increment the P2:1 content to A5H. 
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CP 

Example: 

Initialization: 

Instruction: 

Result: 



CP A, <limm> 



cycles: 2 
words: 2 



CP A, #%7A25 

A 
SR 



7A2500H 



7A2500H 
3000H 



The immediate operand is compared to the Accumulator. Since they are equal, the zero flag is set. 



Example: CP A, <hwreg> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



A 

SR 

BUS 

CP A, BUS 

A 
SR 



= 7A2500H 
= 0000H 
= 7A25H 



= 7A2500H 
= 3000H 



The <hwreg> operand is subtracted from the accumulator. Since the two operands are equal, the zero status bit is set 
high. Comparison of <hwregs> is possible from all hardware registers. 



Example: CP A,<direct> 



Initialization: 

Instruction: 
Result: 



Accumulator 
RAM bankO F3H 

CP A, %F3 

A 
SR 



= 7A2500H 
= 5463H 



= 7A2500H 
= 1000H 



cycles: 1 
words: 1 



Register F3H is compared to the accumulator. 7A2500 - 546300 = 25C200. An equivalent instruction is CP A.243 (F3H 
= 243 decimal). 
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CP 



CP A < 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result 



A 

D2:1 

CP A, D2:1 

A 
SR 



7A2500H 
5463H 



= 7A2500H 
= 1000H 



The contents of the data pointer D2:1 are compared to the accumulator. 7A2500 - 546300 = 25C200. 



Example: CP A, <preg> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

CP A, P0:0 

Accumulator 
SR 



123400H 
56H 



123400H 
1000H 
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The contents of the pointer register P0:0 are compared to the accumulator. 1 23400H - 005600 = 1 1 DE00H. The Pointer 
Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 1 6 bits of the P-bus. This causes 
the pointer register operand to become 005600H before being compared to the accumulator. 
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DEC 

DECREMENT 



Syntax 



DEC A 

DEC <co,A 



Decrement Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 1 



cc cc cc cc cc 



10 1 



opcode 



Operation 
Affected 



Description: 



Condition Code ACC Modification 

ACC - 1 — > ACC 

C :set if carry is required for operation 
Z : set if result is zero 

N : set if decrement results in a value less then zero 

OV : set if upper (7FFFFFH) or lower (800000H) limits are exceeded. 

The Accumulator is decremented by one. A condition code can be used to test for a 
specific condition for a decrement to occur. 



Example: DEC A 



Initialization: 



= 7A2500H 



A 

DEC A 

Result: A = 7A24FFH 

The value in the accumulator is decremented by one. 



cycles: 1 
words: 1 



Example: 



<cc>,A 



s: 1 
words: 1 



7A2500H 



Instruction: 



A 

DEC Ml, A 

A = 7A2500H 

Since the accumulator is not negative, the decrement instruction will not be executed 
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Syntax INC <cc>,A 

INC A 
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Increment Format 

15 14 13 12 11 10 9 8 



3 2 



10 



cc cc cc cc cc 



1 



opcode 

Operation: 
Affected Flags: 

Description: 



Condition Code 

ACC + 1 — > ACC 



ACC Modification 



C : set if carry is required for operation. 

Z : set if result is zero. 

N : set if results in a value less then zero. 

OV : set if upper (7FFFFFH) or lower (800000H) limits are exceeded. 

The Increment instruction adds one to the accumulator. A condition code can be used to t 
for a specific condition for an increment to occur. 



Example: INC A 

Initialization: A 
Instruction: INC A 

Result: A 

The value in the accumulator is incremented by one. 



= 7A2500H 



= 7A2501H 



cycles: 1 
words: 1 



Example: 

Initialization: 

Instruction: 

Result 



<cc>,A 
A 

INC Ml, A 

A 



= 7A2500H 



: 7A2500H 



cycles: 1 
words: 1 



Since the accumulator is not negative, the increment instruction will not be executed. 
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JP 

JUMP 

Syntax 

Jump Format 



JP <cc>,<direct> 
JP <direct> 



15 


14 


13 12 11 


10 


9 


8 7 6 5 


4 


3 


2 1 





1 





1 


1 





cc cc cc cc 


cc 















opcode 






Condition Code 






not used 




15 


14 


13 12 11 


10 


9 


8 7 6 5 


4 


3 


2 1 





a 


a 


a a a 


a 


a 


a a a a 


a 


a 


a a 


a 



1 6-bit Address 
Operation: 1 6-bit address — > PC 

Affected Flags: none 

Description: The instruction places the address of the referenced ROM location in the Program Counter (PC). 

Since the processor obtains its next instruction address from the PC, the processor will jump to 
the appropriate location . A condition code can be used to test for a specific condition for a jump 
to occur. 
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JP 

Example: J 

Initialization: 

Instruction: 
Result: 



1 <direct> 



cycles: 2 
words: 2 



Routinel address 
PC 

JP Routinel 

PC 



1455H 
1343H 



1455H 



The value in the program counter is replaced by the Routinel address (1455H). 



Initialization: 

Instruction: 
Result : 



' <cc>, <direct> 

Routinel address 
PC 

User input 

JP NUO, Routinel 

PC 



cycles: 2 
words: 2 



1455H 
1343H 
1 



1343H 
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Since the user input is set high, the condition code is not met. Therefore, the jump instruction will not occur. The 
User input is used in this example to control the flow of the software. 



6-22 



Z89C00 
User Manual 



LD 

LOAD 
Syntax 



LD 


A,<pregs> 


LD 


<direct>, A 


LD 


<hwregs>,<dregs> 


LD 


A,<dregs> 


LD 


<dregs>, <hwregs> 


LD 


<hwregs>,<limm> 


LD 


A,<memind> 


LD 


<pregs>,<simm> 


LD 


<hwregs>,<accind> 


LD 


A,<direct> 


LD 


<pregs>,<hwreg> 


LD 


<hwregs>,<memind> 


LD 


A,<regind> 


LD 


<regind>, <limm> 


LD 


<hwregs>,<regind> 


LD 


A,<hwregs> 


LD 


<hwregs>,<pregs> 


LD 


<hwregs>,<hwregs> 



General Instruction Format 



15 14 


13 


12 


11 


10 


9 


8 


7 6 5 4 


3 2 10 

















1 


b 


11 


s s s s 



opcode 



Operation: 
Affected Flags: 
Description: 



RAM 
Bank 



Destination 



-> <destination> 



Source 



<source> ■ 
None 

The load command provides the ability to transfer data to many different locations 
in the processor. Access to the hardware registers, accumulator, stack, pointers and 
memory provides flexibility. All transfers across the various internal buses are transparent 
to the user. 

A load using the X or Y register provides an automatic multiply operation. This provides 
the ability to obtain the operand from any register location. 

The P register is a read-only register, therefore the destination of the load cannot 
be the P register. 

LD EXTN, EXTN is not allowed. 

Load to the Accumulator clears the lower eight bits of the 24-bit accumulator. 
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LD 

Example: 
Initialization: 

Instruction: 
Result: 



LD A, <regind> 



cycles: 1 
words: 1 



A 

P2:1 

RAM bank1:A4H 
LD A, @P2:1 

A 



: 7A2500H 
■■ A4H 
: 5463H 



= 546300H 



Indirect addressing through the pointer registers provides access to RAM data. The data in RAM bank 1 , register A4 is 
transferred to the accumulator. Notice that the contents of the P2: 1 register are appended with eight additional zero bits. 
This is added to ensure correct arithmetic and comparison. 



Example: LDA, <memind> 



Initi 



Instruction: 
Result: 



Accumulator 
P0:0 

RAM bankO:21H 
ROM Address: 247AH 

LD A, @@P0:0 

A 

P0:0 

RAM bankO:21H 



cycles: 3 
words: 1 



: 123400H 
21H 
: 247AH 

:0C12H 



:0C1200H 

:21H 

: 247BH 



The pointer P0:0 contains the RAM register location (21 H). The contents of this register have a ROM address. This address 
refers to the ROM data that will be loaded to the accumulator. When memory indirect addressing is used the ROM address 
is automatically incremented. This provides a convenient method of accessing sequential data. Use of LD A, @@P0:0+ 
would perform the same operation and also increment the P0:0 content to 22H. 



Example: LDA, <limm> 



Initialization: 

Instruction: 

Result: 



cycles: 2 
s: 2 



Accumulator 
LD A, #%2474 

A 



123400H 



= 247400H 



The immediate operand 2474H is loaded to the accumulator. 
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LD 

Example: LD A,<hwregs> cycles: 1 

s: 1 



Initialization: Accumulator = 123400H 

Register X = 0C12H 

Instruction: LD A, X 

Result: A =0C1200H 

The contents of Register X are loaded to the accumulator. Transfer from <hwregs> is possible from all hardware registers. 


Example: LD A,<direct> cycles: 1 

words: 1 



Initialization: Accumulator = 123400H 

RAM bankO F3H = 0C12H 



Instruction: LD A, %F3 

Result: A =0C1200H 

Register F3H is loaded to the accumulator. An equivalent instruction is LD A.243 (F3H = 243 decimal). 

Example: LDA,<dreg> cycles: 1 

words: 1 

Initialization: Accumulator = 123400H 

D0:1 = 8746H 

Instruction: LD A, D0:1 

Result: A = 874600H 

D0:1 = 8746H 

The contents of the data pointer D0:1 are loaded to the accumulator. 



6-25 



<EZiLflE 
LD 



Example: LD A, <preg> 



Accumulator 
P0:0 



Instruction: 
Result: 



LD A, I 

Accumulator 
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cycles: 1 
words: 1 



123400H 
56H 



: 005600H 



The contents of the pointer register P0:0 are loaded to the accumulator. The Pointer Register is connected to the lower 
8 bits of the D-bus. The D-bus is connected to the upper 16 bits of the P-bus. This causes the pointer register operand 
to become 005600H before being loaded into the accumulator. 



LD <direct>, A 



Initialization: 



Accumulator 
RAM bankO:3CH 

LD %3C, A 

Accumulator 
RAM bankO:3CH 



123400H 
5678H 



= 123400H 
= 1234H 



cycles: 1 
words: 1 



The current value in the accumulator is loaded to the register addressed by the instruction (3CH). An equivalent instruction 
is LD 60, A. (3CH = 60 decimal). 



Example: LD <dregs>, <hwregs> cycles: 1 

words: 1 

D1:1 = 1145H 

Instruction: LD D1 :1 , EXT2 

Result: EXT2 = 346CH 

D1:1 = 346CH 

The contents of the External Register 2 are loaded to the location of the D1 : 1 pointer. Transfer from <hwregs> is possible 
from all hardware registers. 
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Example: LD A, <pregs>,<simm> 



Initialization: 

Instruction: 
Result: 



P2:0 

RAM bankO:3FH 
LD P2:0, #%3F 

P2:0 

RAM bankO:3FH 



The immediate data (3FH) is loaded into the 
pointer registers. 



= 2FH 

= 254645H 



= 3FH 

= 254645H 



cycles: 1 
words: 1 



. This provides a convenient method of initializing the 



Example: LD <pregs>,<hwregs> 



Initialization: 

Instruction: 
Result: 



P0:1 
Y 

LD POM, Y 

P0:1 
Y 



: 2FH 
: 2376H 



: 76H 
: 2376H 



cycles: 1 
words: 1 



The lower 8-bits of the Y register are transferred to the pointer register PO: 1 . Transfer from <hwregs> is possible from all 
hardware registers. 



Example: LD <regind>,<limm> cycles: 2 

words: 2 

Initialization: P0 1 = 2FH 

RAM bankO: 2FH = 2376H 

Instruction: LD @PO:1 , #%35B8 

Result: P0:1 = 2FH 

RAM bankl :2FH = 35B8H 

The immediate operand 35B8H is transferred to the Register 2FH of RAM bankl . 
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Example: LD <hwregs>,<pregs> 



cycles: 1 
words: 1 



Instruction: 
Result: 



P2:0 

X Register 

LD X,P2:0 

P2:0 
X 



= 2FH 
= 8B87H 



= 2FH 
= 002FH 



The contents of the P2:0 pointer (2FH) are loaded into the X register. Transfer to <hwreg> is possible to all hardware 
registers except the read-only P register. 



Example: LD <hwregs>,<dregs> 



cycles: 1 
words: 1 



Initialization: 



D2:0 

Accumulator 



= 3C87H 
= 8B8722H 



Instruction: 



LD 



D2:0 

Accumulator 



= 3C87H 
= 3C8700H 



The contents of the D2:0 pointer (3C87H) are loaded into the Accumulator. Transfer to <hwregs> is possible to all 
hardware registers except the read-only P register. 



Example: 



LD <hwregs>,<limm> 



cycles: 2 
words: 2 



Instruction: 
Result: 



StackO 
Stackl 

LD Stack, #%35B8 

StackO 
Stackl 



= 8B2FH 
= 0000H 



= 35B8H 
= 8B2FH 



The immediate data is pushed onto the stack. Previous stack data is pushed up the stack. Transfer to <hwregs> is 
possible to all hardware registers except the read-only P register. 
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LD 

Example: 



LD <hwregs>,<accind> 



Initialization: 

Instruction: 
Result: 



EXT7 Register 
Accumulator 
ROM 77B6H 

LD EXT7,@A 

EXT7 Register 
Accumulator 



cycles: 1 
words: 1 



= 8B87H 
= 77B6H 
= 387DH 



: 387DH 
: 77B6H 



The contents of the ROM Register 77B6H (387DH) are loaded into the External Register7. Transfer to <hwregs> is 
possible to all hardware registers except the read-only P register and the Accumulator register. 



Example: 
Initialization: 

Instruction: 
Result: 



LD <hwregs>,<memind> 

Y Register 
P0:0 

RAM bankO: 21 H 
ROM Address: 247AH 

LD Y, @@PO:0 

Y Register 
P0:0 

RAM bankO: 21 H 



cycles: 3 
words: 1 



= 1234H 
= 21H 
= 247AH 
= 0C12H 



= 0C12H 
= 21H 
= 247BH 



The pointer P0:0 contains the RAM register location (21 H). The contents of this register have a ROM address. This address 
refers to the ROM data that will be loaded to the Y register. Transfer to <hwregs> is possible to all hardware registers 
except the read-only P register. When memory indirect addressing is used the ROM address is automatically 
incremented. This provides a convenient method of accessing sequential data. Use of LD A,@@P0:0+ would perform the 
same operation and also increment the P0:0 content to 22H. 



Example: LD <hwregs>, <regind> 



Initialization: 



cycles: 1 
words: 1 



X Register 
P2:1 

RAM bankl: A4H 



Instruction: LD X, @P2:1 

Result: X Register 



= 7A25H 
= A4H 
= 5463H 



5463H 



Indirect addressing through the pointer registers provides access to RAM data. The data in RAM bank 1, register A4 
is transferred to the X register. Transfer to <hwreg> is possible to all hardware registers except the read-only P 
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LD 

Example: LD <hwregs>, <hwregs> 



X Register 
EXT5 Register 

LD X, EXT5 

X Register 
EXT5 Register 



Instruction 
Result 



= 7A25H 
= 789AH 



= 789AH 
= 789AH 



cycles: 1 
words: 1 



The EXT5 Register contents are transferred to the X register. Transfer to <hwregs> is possible to all hardware registers 
except the read-only P register. 
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MLD 

MULTIPLY 

Syntax 



MLD <hwregs>,<regind> 

MLD <hwregs>,<regind>,<bank switch> 

MLD <regind>,<regind> 

MLD <regind>,<regind>,<bank switch> 



Multiply Format 



15 14 


13 12 11 10 9 


8 


7 6 


5 


4 


3 


2 1 


1 


110 11 


b 


P 1 P 1 


P1 


P1 


pO 


pO pO pO 



opcode 



Bank 
Switch 



Pn:1 



Pn:0 



Operation: 



Affected Flags: 
Description: 



<regind> * <regind> — > P 
Multiplier: 

When bank switch is ON. 

MLD <regind>, <regind> : (@Pn:1) * (@Pn:0) --> P 
MLD <hwregs>, <regind> : <hwregs> * (@Pn:0) --> P 

When bank switch is OFF, 

MLD <regind>, <regind> : (@Pn:0) * (@Pn:0) -> P 
MLD <hwregs>, <regind> : <hwregs> * <hwregs> -> P 

Note: If <dst> is <regind>, the bank switch default is ON. If <dst> 
is <hwregs>, the bank switch default is OFF. 

Accumulator: "0" -> ACC 

Z: Set 

This instruction provides the capability to multiply two operands from each RAM bank in a single 
cycle. The first operand is referenced by Pn:1 and placed in register Y, the second by Pn:0and 
placed in register X (MLD @Pn:1, @Pn:0). After the multiplication is performed, the result is 
placed in the P (Product) register and the Accumulator is cleared. A hardware register can be 
used instead of Pn:1 as an operand. (See Section 9.5.2 for additional information). 



6-31 



Z89C00 
User Manual 



MLD 



Example: 
Initialization: 

Instruction: 
Result: 



<regind>,<regind> 



A 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl: 63H 

MLD @P0:1,@P0:0 

P 
A 



: 365400H 

:54H 

: 63H 
:4561H 
: 1123H 



0949DAH 
OOO00OH 



cycles: 1 
words: 1 



The instruction multiplies the operands referenced by PO: 1 and P0:0. The operand consists of 4561 H and 1 1 23H. The 
multiplication results in 0949DA86H. Since the 24 most significant bits are saved, the P register contains 0949DAH. See 
Section 9.5.2 (Multiplications) for additional information. 



Example: MLD <regind>,<regind>,<bank switch> 



cycles: 1 
words: 1 



Initialization: 



Instruction: 
Result: 



A 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl: 63H 

MLD @PO:1,@PO:0, OFF 

P 
A 



= 365400H 
= 54H 
= 63H 
= 4561 H 
= 1123H 



: 259ADDH 
: 000000H 



The bank switch option provides the ability to multiply @P0:0 * @P0:0. The default for the switch is ON as shown in 
the previous example. If the switch is OFF then @P0:0 is placed in X and Y registers and multiplied together. The 
result is 259ADD82H. Since the 24 most significant bits are saved, the P register contains 259ADDH. See Section 
9.5.2 (Multiplications) for additional information. 
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MLD 



Example: MLD <hwregs>,<regind> 



Initialization: 



Instruction: 



Accumulator 
P 

P0:0 

RAM BankO: 54H 
EXT3 Register 

MLD EXT3, @P0:0 



Accumulator 



: 365400H 
: 124670H 
: 54H 
:4561H 
: 768BH 



: 6DC8DEH 
: 000000H 



cycles: 1 
words: 1 



The instruction places the EXT3 Register contents into both the X and Y registers. The multiplication results in 
6DC8DEF2H. Since the 24 most significant bits are saved, the P register contains 6DC8DEH. The next example illustrates 
the multiplication of the <hwregs> and <regind> operands. See Section 9.5.2 (Multiplications) for additional information. 
Transfer to <hwregs> is possible to all hardware registers except the read-only P register, the X register, AND 
Accumulator. 



Example: 
Initialization: 



Instruction: 
Result: 



<hwregs>,<regind>,<bank switch> 



Accumulator 
P 

P0:0 

RAM BankO: 54H 
EXT3 Register 

MLD EXT3, @PO:0, ON 



Accumulator 



■■ 365400H 
: 124670H 

:54H 

:4561H 
: 768BH 



: 4040C3H 
: 000000H 



cycles: 1 
words: 1 



The bank switch option provides the ability to multiply EXT3 * @P0:0 or EXT3 * EXT3. The default for the switch is OFF, 
as shown in the first example. If the switch is ON then EXT3 is placed in the Y register and @P0:0 in the X register. The 
multiplication results in 4040C356H. Since the 24 most significant bits are saved, the P register contains 4040C3H. See 
Section 9.5.2 (Multiplications) for additional information. 



Transfer to <hwregs> is possible to all hardware registers except the read-only P register, the X register, and accumulator. 
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MPYA 

MULTIPLY AND ADD 
Syntax 

MPYA <hwregs>,<regind> 

MPYA <hwregs>.<regind>,<bank switch> 

MPYA <regind>,<regind> 

MPYA <regind>,<regind>,<bank switch> 



Multiply/Add Format 



15 14 13 12 11 10 9 


8 


7 


6 


5 


4 


3 


2 1 


10 10 11 


b 


P1 


P1 


P1 


Pi 


P0 


pO pO pO 



opcode 



Operation: 



Accumulator: 



Affected Flags: 



Bank 
Switch 



Pn:1 



Pn:0 



ACC + P — > ACC 
(@Pn:1)*(@Pn:0) — > P 

Multiplier: 

When bank switch is ON, 

MPYA<regind>, <regind> : (@Pn:1) * (®Pn:0) -> P 
MPYA <hwregs>. <regind> : <hwregs> * (@Pn:0) --> P 

When bank switch is OFF, 

MPYA <regind>, <regind> : (@Pn:0) * (@Pn:0) --> P 
MPYA <hwreg>, <regind> : <hwregs> * <hwregs> --> P 

Note: If <dst> is <regind>, the bank switch default is 
ON. If <dst> is <hwregs>, the bank switch default is OFF. 

ACC + P -> ACC 



C: set if carry from the most significant bit is performed 

N: set if result in the accumulator is negative. 

Z: set if result is zero 

OV: set if addition exceeds upper (7FFFFFH) or lower (800000H) limit of accumulator. 

This instruction provides the capability to multiply two operands and add the P register with 
the Accumulator. The two operations occur simultaneously. The P register contents are 
moved to the accumulator while the multiplication is occurring. After the cycle is c 
the sum is contained in the accumulator and the product in the P register. 
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MPYA 

Example: MPYA <regind>,<regind> 



cycles: 1 
words: 1 



Initialization: 



Instruction: 
Result: 



A 
P 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl: 63H 

MPYA@P0:1, 

P 
A 



365400H 
4040C3H 
54H 
63H 
:4561H 
1123H 



. 0949DAH 
: 7694C3H 



The P register and Accumulator are added together to produce the sum 7694C3H. The multiplication results in 
0949DA86H. Since the 24 most significant bits are saved, the P register contains 0949DAH. See Section 9.5.2 
(Multiplications) for additional information. 



Example: 



MPYA <regind>,<regind>,<bank switch> 



cycles: 1 
words: 1 



Initialization: 



Instruction: 
Result: 



A 
P 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl: 63H 

MPYA @P0:1, @P0:0, OFF 

P 
A 



= 365400H 
= 4040C3H 
= 54H 
= 63H 
= 4561 H 
= 1123H 



: 259ADDH 
< 7694C3H 



The P register and Accumulator are added together to produce the sum 7694C3H. The bank switch option provides the 
ability to multiply @P0:0*@P0:0. The default for the switch is ON, as shown in the previous example. If the switch is OFF, 
then @P0:0 is placed in X and Y registers and multiplied together. The result is 259ADD82H. Since the 24 most significant 
bits are saved, the P register contains 259ADDH. See Section 9.5.2 (Multiplications) for additional information. 



Note: 



The data pointers can be used instead of the point 
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Example: 
Initialization: 



MPYA <hwregs>,<regind> 



A 
P 

P0:0 

RAM BankO: 54H 
EXT3 Register 



Instruction: 
Result: 



MPYA EXT3, @P0:0 

P 
A 



: 365400H 
: 4040C3H 

:54H 

:4561H 
768BH 



: 6DC8DEH 
- 7694C3H 



cycles: 1 
words: 1 
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The P register and Accumulator are added together to produce the sum 7694C3H. The instruction places the EXT3 
Register content into both X and Y register. The multiplication results in 6DC8DEF2H. Since the 24 most significant bits 
are saved, the P register contains 6DC8DEH. The next example illustrates the multiplication of the <hwregs> and 
<regind> operands. See Section 9.5.2 (Multiplications) for additional information. 

Transfers to <hwregs> is possible to all hardware registers except the read-only P register, and X register and 
accumulator. 



Example: MPYA <hwregs>,<regind>,<bank switch> 



cycles: 1 
words: 1 



Initialization: 



Instruction: 
Result: 



A = 365400H 

P = 4040C3H 

P0:0 = 54H 

RAM BankO: 54H = 4561H 

EXT3 Register = 768BH 

MPYA EXT3, @PO:0, ON 

P = 4040C3H 

A = 7694C3H 



The P register and Accumulator are added together to produce the sum 7694C3H. The bank switch option provides the 
ability to multiply EXT3 * @P0:0 or EXT3 * EXT3. The default for the switch is OFF as evaluated in the previous example. 
If the switch is ON then EXT3 is placed in the Y register and @P0:0 in the X register. The multiplication results in 
4040C356H. Since the 24 most significant bits are saved, the P register contains 4040C3H. See Section 9.5.2 
(Multiplications) for additional information. 



Transfers to <hwregs> is possible to all hardware registers except the read-only P register, X register and accumulator 
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MULTIPLY AND SUBTRACT 

Syntax 

MPYS <hwregs>,<regind> 

MPYS <hwregs>,<regind>,<bank switch> 

MPYS <regind>,<regind> 

MPYS <regind>,<regind>,<bank switch> 



Multiply/Subtract Format 



15 14 13 12 11 10 9 


8 


7 6 


5 


4 


3 


2 1 


110 11 


b 


p1 p1 


P1 


P1 


p0 


pO pO pO 



opcode 



Operation: 



Note: 



Bank 
Switch 



Pn:1 



Pn:0 



ACC - P — > ACC 

(@ Pn:1)*(@ Pn:0)— >P 

Multiplier: 

When bank switch is ON, 

MPYS <regind>, <regind> : (@Pn:1) 

MPYS hwregs>, <regind> : <hwregs> * 

When bank switch is OFF, 

MPYS <regind> , <regind> : (@Pn:0) 

MPYS <hwregs>, <regind> : <hwregs> 



(@Pn:0) 
(@Pn:0) 



-> P 
-> P 



(@Pn:0) — > P 
<hwregs> — > P 



If <dst> is <regind>, the bank switch default is ON, If <dst> is <hwregs>, the bank switch 
default is OFF. 



Accumulator: 
Affected Flags: 



Description: 



ACC - P — > ACC 

C: set if carry from the most significant bit is performed 
N: set if result in the accumulator is negative. 
Z: set if result is zero 

OV: set if addition exceeds upper (7FFFFFH) or lower 
(800000H) limit of accumulator. 

This instruction provides the capability to multiply two operands and subtract the P register 
from the Accumulator. The two operations occur simultaneously. The P register contents are 
moved to the accumulator while the multiplication is occurring. After the cycle is complete, 
the difference is contained in the accumulator and the product in the P register. 



MPYS 



Example: 
Initialization: 



Instruction: 
Result: 



<regind>, 



A 
P 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl : 63H 

MPYS @P0:1,@P0:0 

P 

A 



: 365400H 
: 4040C3H 

:54H 
:63H 

:4561H 
. 1123H 



. 0949DAH 
: 4040C3H 



cycles: 1 
words: 1 



The P register is subtracted from the Accumulator to produce the difference 240D90H. The multiplication results in 
0949DA86H. Since the 24 most significant bits are saved, the P register contains 0949DAH. See Section 9.5.2 
(Multiplications) for additional information. 



Example: 



<regind>,<regind>,<bank switch> 



Instruction: 
Result: 



A 
P 

P0:0 
P0:1 

RAM BankO: 54H 
RAM Bankl : 63H 

MPYS @PO:1, @PO:0, OFF 

P 
A 



= 365400H 
= 4040C3H 
= 54H 
= 63H 
= 4561 H 
= 1123H 



= 259ADDH 
= 4040C3H 



cycles: 1 
words: 1 



The P register is subtracted from the Accumulator to produce the difference 4040C3H. The bank switch option 
provides the ability to multiply @P0:0 * @P0:0. The default for the switch is ON, as shown in the first example. If the 
switch is OFF, then @P0:0 is placed in X and Y registers and multiplied together. The result is 259ADD82H. Since the 
24 most significant bits are saved, the P register contains 259ADDH. See Section 9.5.2 (Multiplications) for addi- 
tional information. 
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MPYS 

Example: 
Initialization: 

Instruction: 



<hwregs>, <regind> 



A 
P 

P0:0 

RAM BankO: 54H 
EXT3 Register 

MPYS EXT3, @PO:0 

P 
A 



: 365400H 
: 4040C3H 
: 54H 
■■ 4561 H 
768BH 



: 6DC8DEH 
: F6133DH 



cycles: 1 
words: 1 



The P register is subtracted from the Accumulator to produce the difference F6133DH. The instruction places the EXT3 
Register contents into both X and Y register. The multiplication results in 6DC8DEF2H. Since the 24 most significant bits 
are saved, the P register contains 6DC8DEH. The next example illustrates the multiplication of the <hwregs> and 
<regind> operands. See Section 9.5.2 (Multiplications) for additional information. 



Transfer to <hwregs> is possible to all hardware registers except the read-only P register, the X register and accumulator. 



Example: MPYS <hwregs> ,<regind>, <bank switch> cycles: 1 

words: 1 

Initialization: A 

P 

P0:0 

RAM BankO: 54H 
EXT3 Register 

Instruction: MPYS EXT3, @ 

Result: P 

A 

The P register is subtracted from the Accumulator to produce the difference F6133DH. The bank switch option provides 
the ability to multiply EXT3 * @P0:0 or EXT3 * EXT3. The default for the switch is OFF, as shown in the previous example. 
If the switch is ON then EXT3 is placed in the Y register and @P0:0 in the X register. The multiplication results in 
4040C356H. Since the 24 most significant bits are saved, the P register contains 4040C3H. See Section 9.5.2 
(Multiplications) for additional information. 

Transfer to <hwregs> is possible to all hardware registers except the read-only P register, the X register and accumulator. 




: 365400H 
: 4040C3H 
: 54H 
: 4561 H 
: 768BH 




= 4040C3H 
= 489A70H 
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NEG 
NEGATE 

Syntax NEG A 

NEG <cc>,A 



Negate Format 

15 14 13 12 11 10 9 



3 2 







cc cc cc cc cc 



1 1 



opcode 



Condition Code ACC Modification 



Operation: 
Affected Flags: 



Description: 



-ACC — > ACC 

N : set if result is a negative number. 

Two special cases are as below, 

1 . If ACC contains "000000", after execution, 

N,0V - cleared ; Z, C - set 

2. If ACC contains "800000", after execution, 

N,0V - set ; Z, C - cleared 

The accumulator is replaced with a negative of the current value. To achieve this, the 
two's complement is taken. 



Example: NEG A 

Initialization: A 
Instruction: NEG A 

Result: A 



= 003654H 



= FFC9ACH 



cycles: 1 
words: 1 



Example: NEG <cc>,A 



A 

Carry bit 



Instruction: 
Result: 



NEG C, A 

A 



:000111H 

: 1 



FFFEEFH 



cycles: 1 
words: 1 
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NOP 

NO OPERATION 

Syntax NOP 

Instruction Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



0000000 0000 00000 



Operation: PC + 1 — > PC 

Affected Flags: None 

Description: The NOP instruction causes the processor to continue operation for one cycle without affecting 

previous registers and I/O. 
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OR 

BITWISE OR 

Syntax OR A,<regind> 

OR A,<memind> 
OR A,<limm> 
OR A,<hwregs> 
OR A,<direct> 
OR A,<pregs> 
OR A,<dregs> 



General Instruction Format 
15 14 13 12 11 10 9 



6 5 



3 2 10 



1 1 1 


b 





s s s s 


opcode 


RAM 
Bank 


Destination 


Source 



Operation: 
Affected Flags: 



ACC .OR. source — > ACC 

N : set if result in accumulator is negative 
Z : set if result is zero 

The contents of the specified register are ORed with the Accumulator. The upper 16 bits of the 
Accumulator are used for this operation. The result is placed in the Accumulator. The OR 
instruction is frequently used to compare specific bits to assist in program control. 



Note: 



The lower eight bits of the accumulator are unchanged after execution of the "OR" instruction. 
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Example: 



OR A, <regind> 



cycles: 1 
1 



Instruction: 
Result: 



Accumulator 
P0:0 

RAM BankO:E2H 
OR A, @PO:0 

A 



= 3264A0H 
= E2H 
= 1126H 



: 336600H 



The operand referenced by P0:0 is ORed with the upper 1 6 bits of the Accumulator. The result is stored in the Accumulator. 
3264A0H .OR. 1126A0H = 3366A0H. 





I A,<memind> 



cycles: 3 
words: 1 



Initialization: 



Instruction: 



A 

P2:1 

RAM bankl : A4H 
ROM Address: 5463H 

OR A, @@P2:1 

A 

P2:1 

RAM bankO: A4H 
SR 



= 3264A0H 
= A4H 
= 5463H 
= 1126H 



= 3366A0H 
= A4H 
= 5464H 
= 0000H 



The pointer P2:1 contains the RAM register location (A4H). The contents of this register have a ROM address. This address 
refers to the ROM data that will be compared to the accumulator. 3264A0H .OR. 1 12600H = 3366A0H. When memory 
indirect addressing is used, the ROM address is automatically incremented. This provides a convenient method of 
accessing sequential data. Use of OR A,@@P0:0+ would perform the same operation and also increment the P0:0 content 
to A5H. 
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OR 

Example: OR A, <limm> 



Initialization: 

Instruction: 

Result: 



OR A, #%1126 

A 
SR 



= 3264A0H 



= 3366A0H 
= 0000H 



The immediate data is ORed with the accumulator. 



cycles: 2 
words: 2 



Example: OR A, <hwreg> 

Initialization: A 

SR 
BUS 



Instruction: 
Result: 



OR A, BUS 

A 
SR 



3264A0H 

0000H 

1126H 



= 3366A0H 
= 0000H 



cycles: 1 
words: 1 



The <hwreg> operand is ORed with the accumulator. Transfer from <hwregs> is possible from all hardware registers. 



Example: OR A,<direct> 
Initialization: 



Result: 



Accumulator 
RAM bankO:F3H 

OR A, %F3 

A 
SR 



: 3264A0H 
: 1126H 



3366A0H 
O00OH 



cycles: 1 
words: 1 



Register F3H is compared to the accumulator. 3264A0H .OR. 1 1 2600H = 3366A0H. An equivalent instruction is OR A.243 
(F3H = 243 decimal). 
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OR 



Example: OR A,<dreg> 



Initialization: A 

D2:1 



cycles: 1 
words: 1 



Instruction 
Result 



OR A, D2:1 

A 
SR 



3264A0H 
1126H 



= 3366A0H 
= 0000H 



The contents of the data pointer D2:1 are compared to the accumulator. 3264A0 .OR. 112600 = 3366A0. 




Example: OR A, <preg> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

OR A, PO.-O 

Accumulator 
SR 



= 123400H 
= 56H 



= 127600H 
= 0000H 



The contents of the pointer register P0:0 are ORed with the accumulator. 123400H .OR. 005600 = 127600H. The 
Pointer Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 16-bits of the P- 
bus. This causes the pointer register operand to become 005600H before being compared to the accumulator. 
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POP VALUE FROM STACK 

Syntax POP <pregs> 

POP <dregs> 
POP <regind> 
POP <hwregs> 



General Instruction Format 

15 14 13 12 11 10 9 8 



3 2 10 



1 1 1 


b 





d d d d 



opcode 



RAM 
Bank 



Source 



Destination 



Operation: 

Affected 
Description: 



STACK — > <destination> 
Stack n — > Stack N-1 

None 



The current value of the stack is copied to the register specified. Since the stack is a last-in, first- 
out hardwired architecture, the copy and shift of remaining data in the stack are all performed 
in a single cycle. 



The pop instruction provides the ability to control information sent to the stack, making it possible to expand the stack 
by software. 



Example: POP <regind> 



cycles: 1 
words: 1 



Initialization: 



Stack 1 
Stack 
P0:0 

RAM BankO: 24H 



0426H 
0C06H 
24H 
42A4H 



Instruction: 



POP 



Stack 

RAM BankO: 24H 



0426H 
0C06H 



The destination of the Stack (item on top of stack) is given by P0:0. 24H is the register location in RAM BankO to which 
the stack item will be transferred. Upon transfer, Stack 1 is automatically moved to Stack 0. 
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POP 

Example: 



Instruction: 
Result: 



<dregs> 



Stack 1 
Stack 
D0:0 

POP DO:0 

Stack 
D0:0 



= 0426H 
= 0C06H 
= 7676H 



= 0426H 
= 0C06H 



cycles: 1 
words: 1 



The destination of the Stack (item on top of stack) is given by D0:0. Upon transfer, Stack 1 is automatically moved to 
Stack 0. 



Example: POP <hwregs> 



Initialization: 

Instruction: 
Result: 



Stack 1 
Stack 
X Register 

POPX 

Stack 
X Register 



0426H 
0C06H 
089CH 



0426H 
0C06H 



cycles: 1 
words: 1 



The destination of the Stack (item on top of stack) is given by the X Register. Upon transfer, Stack 1 is automatically 
moved to Stack 0. Transfer to <hwregs> is possible to all hardware registers except the read-only P register. 
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PUSH 

PUSH VALUE ONTO STACK 



Syntax 



PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 



<pregs> 

<dregs> 

<memind> 

<accind> 

<regind> 

<hwregs> 

<limm> 



Push Instruction Format 



15 14 13 


12 


11 


10 9 


8 


7 6 5 


4 


3 2 10 


1 1 








1 


b 








s s s s 



RAM 
Bank 



Destination 



Source 



Operation: 



Affected 



<source> — > Stack 
Stack n — > Stack n+1 



None 

The contents of the specified register are placed on the stack. Since the stack is a last-in, first- 
out hardwired architecture, the placement and shifting of current stack data is performed in a 
single cycle. 

The push instruction provides the ability to control information sent to the stack, making it possible to expand the stack 
by software. 



Example: PUSH <regind> 



Initialization: 

Instruction: 
Result: 



Stack 1 
Stack 
P1:1 

RAM bankl A4H 

PUSH@P1:1 

Stack 1 
Stack 

RAM Bankl: A4H 



0426H 
0C06H 
A4H 
42A4H 



0C06H 
42A4H 
42A4H 



cycles: 1 
words: 1 



The pointer P1:1 contains the RAM register location (A4H). The data at this location is pushed onto the stack. Upon 
transfer, Stack is automatically moved to Stack 1 . 
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<£ZiLQS 
PUSH 

Example: 











PUSH <memind> 



cycles: 3 
s: 1 



Initialization: 



Instruction: 
Result: 



Stack 1 
Stack 

RAM BankO: 24H 
P1:1 

RAM bankl : A4H 
ROM Address 5463H 

PUSH @@P1:1 

Stack 1 
Stack 

RAM bankl: A4H 



0426H 

0C06H 

42A4H 

A4H 

5463H 

1126H 



0C06H 
1126H 
5464H 
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When memory indirect addressing is used, the ROM address is automatically incremented. This provides a convenient 
method of accessing sequential data. Use of OR A,@@P0:0+ would perform the same operation and also increment the 
P0:0 content to A5H. 





Example: 

Initialization: 

Instruction: 
Result: 



PUSH <limm> 



Stack 1 
Stack 

PUSH #%5757 

Stack 1 
Stack 



0426H 



cycles: 2 
words: 2 



0C06H 
5757H 



The immediate operand 5757H is PUSHed onto the stack. Upon transfer, Stack is automatically moved to Stack 1, 



Example: PUSH <hwregs> 

Initialization: Stack 1 

Stack 
X Register 



Instruction: 
Result: 



PUSH X 

Stack 1 
Stack 



0426H 
0C06H 
42A4H 



0C06H 
42A4H 



cycles: 1 
words: 1 



The data in the X register is pushed onto the stack. Upon transfer, Stack is automatically moved to Stack 1 . Transfer 
from <hwregs> is possible from all hardware registers. 
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3>ZiLQE 
PUSH 

Example: 



Instruction: 



<direct> 



Stack 1 
Stack 

RAM BankO: 24H 

PUSH %24 

Stack 1 
Stack 



0426H 
0C06H 
42A4H 



0C06H 
42A4H 
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s: 1 
words: 1 



The direct register address is given by the instruction (24H). The value contained in this register is pushed onto the stack 
(42A4H). Upon transfer, Stack is automatically moved to Stack 1 . 



Example: 



PUSH <accind> 



Instruction: 
Result: 



Stack 1 

Stack 

Accumulator 

ROM address 42A4H 

PUSH @A 

Stack 1 
Stack 



= 0426H 
= 0C06H 
= 42A4H 
= 4C45H 



0C06H 
4C45H 



cycles: 1 
words: 1 



Indirect addressing with the Accumulator points to the ROM memory (42A4H) The data in this location is pushed onto 
the stack. Upon transfer, Stack is automatically moved to Stack 1 . 



PUSH <dreg> 



Initialization: 



Instruction: 



Stack 1 
Stack 
D1:1 

PUSH D1:1 



0426H 
0C06H 
42A4H 



cycles: 1 
words: 1 



Stack 1 
Stack 



0C06H 
42A4H 



The pointer D1:1 is pushed onto the stack. Upon transfer, Stack is automatically moved to Stack 1 . 
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RET 

RETURN FROM SUBROUTINE 



Syntax 
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15 


14 


13 


12 


11 


10 


9 


8 


7 6 5 


4 


3 2 10 


























1 1 





10 1 



opcode 



Affected Flags: 
Description: 



Initialization: 

Instruction: 
Result: 



RAM Destination Source 
Bank 

Stack — > PC 
Stack n — > Stack n-1 

None 

The current stack information is popped from the stack and placed in the Program Counter (PC) 
register. The jump is made from the subroutine via the PC. 







cycles: 1 
words: 1 



Stack 1 
Stack 
PC 

RET 

Stack 
PC 



= 0624 
= 0401 
= 06DF 



0624 
0401 H 



fi^l 
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RL 

ROTATE LEFT 

Syntax RL A 

RL <cc>,A 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 1 cc cc cc cc cc 1 



opcode 



Condition Code ACC Modification 



Operation: 
Affected Flags: 

Description: 



'C" <= 



8 <= "C" 



N : set if result of accumulator is negative 

Z : set if result is zero. 

C : set if MSB is set before rotate. 



The upper 1 6 bits of the accumulator are rotated left through the carry bit. The lower 8 bits remain 
unchanged while the resultant LSB, bit 0, is placed with the value zero (see Section 3.7 - 
Accumulator). 



RL A 



Initialization: 



A 

Carry bit 
RL A 

A 

Carry bit 



= 226A84H 
= 1 



= 44D584H 
= 



cycles: 1 
words: 1 



The upper 16 bits (226AH) are shifted left through the carry bit to produce 44D5H. The lower 8 bits (84H) remain 
unchanged. 



Example: 



RL <cc>A 



A 

Carry bit 



= 226A84H 
= 0, Z=0 



cycles: 1 
words: 1 



Instruction: RL Z, A 

Result: A = 226A84H 

The condition code zero is not set; therefore, the instruction is not executed. 



6-52 



Z89C00 
User Manual 



RR 

ROTATE RIGHT 



Syntax 



RR A 

RR <cc>,A 



Accumulator Modification Format 
15 14 13 12 11 10 9 8 



7 6 5 



3 2 10 



10 1 







cc cc cc cc cc 







opcode 
Operation: 
Affected Flags: 

Description: 

Example RR A 

Initialization: 

Instruction: 
Result: 



Condition Code ACC Modification 

"C" => 23 > 8 = => 7 - -> -- -> discarded 

N : set if result of accumulator is negative 

Z : set if result is zero. 

C : set if LSB is set before rotate. 

The upper 16 bits of ACC are rotated right through the carry bit. The MSB of the lower 8 bits 
also obtains the data shifted from the LSB of upper 1 6 bits. The lower 8 bits are shifted right with 
the LSB being discarded. 



s: 1 
words: 1 



A 

Carry bit 
RR A 

A 



= 226A84H 
= 



113542H 



The upper 16 bits (226AH) are shifted right through the carry bit to produce 1 135H. The lower 8 bits (84H) are shifted 
right to provide 42H. 



Example: 



RR <cc>,A 



Initialization: 



A 

Carry bit 



: 226A84H 
: 0, Z=0 



cycles: 1 
1 



Instruction: RR Z, A 

Result: A = 226A84H 

The condition code zero is not set; therefore, the instruction is not executed. 
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SCF 

SET CARRY FLAG 



Syntax 



Flag Modification Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



10 10 10 



cc cc cc cc cc 



11 



Condition Code Flag Modification 



opcode 

Operation: One — > Carry Bit 

Affected Flags: C : set to one 

Description: The Set Carry Flag instruction places a one in the carry bit (bit 1 2 of the status register) 



SCF 



cycles: 1 
words: 1 



Initialization: 



Result: 



SR 

SCF 

SR 
C 



= 2000H 



3000H 

1 
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SIEF 

SET INTERRUPT ENABLE FLAG 

Syntax SIEF 



Set IE Format 

15 14 13 12 11 10 9 



7 6 5 4 3 2 1 



10 10 10 



cc cc cc cc cc 



10 1 



opcode Condition Code Flag Modification 

Operation: One — > IE bit 

Affected Flags: none 

Description: The instruction places a one in bit 7 of the status register and is used to enable all interrupts. 



Example: SIEF 

Initialization: 

Instruction: 

Result: 



SR 

SIEF 

SR 
IE 



cycles: 1 
words: 1 



3000H 



3080H 




D-OO 
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SLL 

SHIFT LEFT LOGICAL 



Syntax 



SLL A 

. <co,A 



Accumulator Modification Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 1 cc cc cc cc cc 1 1 



opcode 



Condition Code Flag Modification 



Operation: 
Affected Flags: 

Description: 



discarded <- "C" <= 23 ■ 



■ <= "0" 



N : set if result of accumulator is negative (bit 23 set to one) 

Z : set if result is zero. 

C : set if MSB is set before shift. 

All 24 bits of the accumulator are shifted left through the carry bit. The MSB, bit 23, passes 
through the carry bit before being discarded. The LSB, bit 0, is filled with a zero. Subsequent 
shifts will result in additional zeroes shifted in. 



Example: SLL A 



Initialization: 

Instruction: 
Result: 



SLL A 

A 

Carry bit 



= 226A84H 
= 



= 44D508H 
= 



cycles: 1 
words: 1 



All 24 bits of the accumulator are shifted left through the carry bit, producing the result 44D508H. 



Example: 



SLL <cc>,A 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



A 

Carry bit 
SLL Ml, A 

A 



= 226A84H 
= 



= 226A84H 



The condition code N is not set therefore, the instruction is not executed. 
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Syntax 



SOPF 



Flag Modification Format 

15 14 13 12 11 10 9 8 



3 2 



1 



1 



opcode 

Operation: 
Affected Flags: 



Condition Code Flag Modification 



One — > OP bit 
none 



Description: The Set Overflow Protection Flag instruction places a one in bit 8 of the status register. If an ALU 

operation exceeds the limits of the processor, the overflow protection will set the overflow flag 
(OV) and hold the limit value in the accumulator. 



Example: SOPF 

Initialization: 
Instruction: 
Result: 



SR 

SOPF 

SR 
OP 



cycles: 1 
words: 1 

0000H 



= 0100H 
= 1 
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SRA 

SHIFT RIGHT ARITHMETIC 



Syntax 



SRA 



A 

<cc>,A 



Accumulator Modification Format 
15 14 13 12 11 10 9 8 



6 5 



3 2 1 



1 







opcode 

Operation: 
Affected Flags: 

Description: 



Initialization: 



cc cc cc cc cc 







Condition Code ACC Modification 



23 => 23 - - - > => discarded 

N : set if result of accumulator is negative 

Z : set if result is zero. 

C : set if LSB is set before shift. 



Example: SRA A 



All 24 bits of the accumulator are shifted right, with sign extension, through the carry bit. The 
MSB, bit 23, is replicated into vacated bits. The LSB, bit 0, is passed through the carry before 
being discarded. 



cycles: 1 
words: 1 



A 

Carry bit 
SRA A 



: 226A84H 

:0 



: 113542H 





Carry bit 

All 24 bits of the accumulator are shifted right. The MSB, bit 23, is copied into bit 22. The LSB, bit 0, is discarded. 



Example: SRA <cc>,A 



A 

Carry bit 



Instruction: 
Result: 



RL PL, A 

A 

Carry bit 



= 226A84H 
= 0, N=0 



= 113542H 
= 



cycles: 1 
words: 1 



The condition code is set; therefore, the instruction is executed. The initialization of the Accumulator sets the PL (NN) 
condition code. 
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SUB 

SUBTRACT 

Syntax SUB A,<regind> 

SUB A,<memind> 
SUB A,<limm> 
SUB A,<hwregs> 
SUB A,<direct> 
SUB A,<pregs> 
SUB A,<dregs> 

General Instruction Format 



15 


14 


13 


12 


11 10 


9 


8 


7 


6 


5 


4 


3 2 


1 











1 








1 


b 














s s 


s 


s 



opcode 
Operation: 



RAM 
Bank 



Destination 



Source 



Description: 



ACC— (Source) > ACC 

C: set if carry from the most significant bit is performed 
N: set if result in the accumulator is negative 
Z: set if result is zero 

OV: set if addition exceeds the upper (7FFFFFH) or lower 
(800000H) limit of accumulator 

The addressed data memory operand is subtracted from the Accumulator, 
into the accumulator. 



is loaded 



Note: 



The lower eight bits of the accumulator are cleared by the execution of the subtract instruction. 
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SUB 

Example: SUB A,<regind> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:1 

RAM bankl : 45H 
SUB A, @P0:1 

A 

1 



874600H 
45H 
1234H 



751200H 
1234H 



The contents of the register pointed by P0:1 are subtracted from the accumulator. The difference is contained in the 
accumulator and the pointer is left unchanged. The register pointer contains 45H. Since the pointer references RAM Bank 
1, the absolute register is 145H (325). Therefore, the contents of register 145H are subtracted from the accumulator 
(874600H - 123400H = 751200H). The direct addressing equivalent would be SUB A, %145 or SUB A.325. 



Example: SUB A,<memind> 



cycles: 3 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
P0:0 

RAM bankO: 21 H 
ROM Address: 247AH 



SUB A, @@PO:0+ 

A 

P0:0 

RAM BankO: 21 H 



= 874600H 
= 21H 
= 247AH 
= 1234H 



= 751200H 
= 22H 
= 247BH 



The pointer is used for memory indirect addressing. The pointer contains the address of the RAM (address 247AH). The 
RAM contains the address of the requested ROM data (Data 247AH). This operand is subtracted from the accumulator. 
874600- 123400= 751200. 
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SUB 

Example: SUB A,<limm> 



cycles: 2 
words: 2 



Instruction: 
Result: 



Accumulator 
SUB A, #%1234 

Accumulator 



: 874600H 



: 751200H 



The immediate operand 8746H is subtracted from the accumulator. 874600 - 123400 = 751200. 



Example: SUB A,<hwregs> 
Initialization: 



Instruction: 
Result: 



Accumulator 
Register X 

SUB A, X 

A 



: 874600H 
: 1234H 



751200H 



cycles: 1 
1 



The contents of Register X are subtracted from the accumulator. 874600 - 123400 = 751200. Transfer from <hwregs> 
is possible from all hardware registers. 



Example: SUB A,<direct> 



cycles: 1 
words: 1 



Initialization: 

Instruction: 
Result: 



Accumulator 
RAM bankO: F3H 

SUB A, %F3 

A 



= 874600H 
= 1234H 



= 751200H 



The contents of register F3H are subtracted from the accumulator. 874600 - 1 23400 = 751 200. An equivalent instruction 
is SUB A.243 (F3H = 243 decimal). 
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SUB 

Example: 



SUB A,<dreg> 



Accumulator 
D0:1 



Instruction: 
Result: 



SUB A, D0:1 

A 

D0:1 



= 874600H 
= 1234H 



751200H 
1234H 



cycles: 1 
1 



The contents of the data pointer D0:1 are subtracted from the accumulator. The difference is contained in the accumulator 
and the pointer is left unchanged. 



Example: SUB A, <preg> 



Initialization: 



Instruction: 



Accumulator 
P0:0 

SUB A, PO:0 

Accumulator 



874600 

: 56 



: 86F000H 



cycles: 1 
words: 1 



The contents of the pointer register P0:0 are subtracted from the accumulator. 874600H - 005600H = 86F000H. The 
Pointer Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 16 bits of the P- 
bus. This causes the pointer register operand to become 005600H before being subtracted from the accumulator. 
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BITWISE EXCLUSIVE OR 

Syntax XOR A,<regind> 

XOR A,<memind> 
XOR A,<limm> 
XOR A,<hwregs> 
XOR A,<direct> 
XOR A,<pregs> 
XOR A,<dregs> 

General Instruction Format 



15 


14 13 


12 


11 


10 9 


8 


7 


6 


5 4 


3 2 10 


1 


1 1 








1 


b 











s s s s 



RAM 
Bank 



Destination 



Operation: 
Affected Flags: 



A .XOR. <operand> 



set if carry from the most significant bit is performed 
set if result in the accumulator is negative, 
set if result is zero 

set if operation exceeds upper (7FFFFFH) or lower (800000H) limit of accumulator. 

The addressed data memory operand is XORed with the Accumulator. The result is loaded into 
the accumulator. 



C: 
N: 
Z: 
OV: 



Note: The lower eight bits of the accumulator are cleared by, the execution of the "exclusive OR" instruction. 



XOR 

Example: 
Initialization: 

Instruction: 
Result: 



XOR A,<regind> 



Accumulator 
P0:0 

RAM bankO: 00H 
XOR A, @PO:0 

A = 126200H 



= 005600H 
= 00H 
= 1234H 



cycles: 1 
words: 1 



The pointer is used for memory indirect addressing. The pointer contains the address of the RAM (address 
00H has operand 1234H. This is XORed with the accumulator, 005600H, to obtain the result 126200H. 
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* 



Example: XOR A,<memind> 



Initialization: 



A 

P2:1 

RAM bankl: A4H 
ROM Address: 5463H 



= 3264A0H 
= A4H 
= 5463H 
= 1126H 



cycles: 3 
words: 1 



Instruction: 
Result: 



XOR A, @@P2:1 

A 

P2:1 

RAM bankl: A4H 
SR 



= 2342A0H 
= A4H 
= 5464H 
= 0000H 



The pointer P2: 1 contains the RAM register location (A4H). The contents of this register have a ROM address. This address 
refers to the ROM data that will be compared to the accumulator. 3264A0H .XOR. 1 1 2600H= 2342A0H. When memory 
indirect addressing is used, the ROM address is automatically incremented. This provides a convenient method of 
accessing sequential data. Use of XOR A,@@P2:1+ would perform the same operation and also increment the P2:1 
content to A5H. 
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XOR 

Example: XOR A, <limm> 



Initialization: 
Instruction: 



XOR A, #%1126 

A 
SR 



2342A0H 
0000H 



The immediate data is XORed with the accumulator. 



cycles: 2 
words: 2 



User I 



Example: XOR A, <hwreg> 



Initialization: 

Instruction: 
Result: 



A 

SR 

BUS 

XOR A, BUS 

A 
SR 



= 3264A0H 
= 0000H 
= 1126H 



= 2342A0H 
= 0000H 



cycles: 1 
words: 1 



The <hwreg> operand is XORed with the accumulator. 



Example: XOR A,<direct> cycles: 1 

words: 1 

Initialization: Accumulator = 3264A0H 

RAM bankO: F3H = 1126H 

Instruction: XOR A, %F3 



A = 2342A0H 

SR = 0000H 

Register F3H is compared to the accumulator. 3264A0H .XOR. 1 12600H = 2342A0H. An equivalent instruction is XOP 
A.243 (F3H = 243 decimal). 
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XOR 



Example: 

Initialization: 

Instruction 
Result 



XOR A,<dreg> 
A 

D2:1 



cycles: 1 
words: 1 



XOR A, D2:1 

A 
SR 



= 3264A0H 
= 1126H 



= 2342A0H 
= 0000H 



The contents of the data pointer D2:1 are XORed with the accumulator. 3264A0H .XOR. 1 12600H = 2342A2H. 



Example: XOR A, <preg> 



Accumulator 
P0:0 



cycles: 1 
words: 1 



Instruction: 



Result: 



XOR A, PO:0 

Accumulator 
SR 



= 123400H 
= 56H 



= 126200H 
= 0000H 



The contents of the pointer register P0:0, are XORed with the accumulator. 123400H .XOR. 005600 = 126200H. The 
Pointer Register is connected to the lower 8 bits of the D-bus. The D-bus is connected to the upper 16 bits of the P-bus. 
This causes the pointer register operand to become 005600H before being compared to the accumulator. 
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Chapter 7 

External Interfaces 



7.1 INTRODUCTION 

The Z89CXX series processors provide access to external 
peripherals through a 16-bit bi-directional bus. Three 
address lines and three control lines are available for this 
bus. Access to external program ROM is available through 



dedicated 16-bit address and 16-bit data buses. Other 
external interfaces include two user inputs, two user out- 
puts, interrupts, reset, and clock pins. 



7.2 EXTERNAL 16-BIT BUS 

This bi-directional bus allows data to be passed between 
the processor and an external peripheral in 16-bit words. 
The data bus is referred to as EXT(15:0) and the address 
bus as EA(2:0). The external registers are user definable 
for mapping peripherals such as A/D, D/A or DMA control- 
lers into the processor's address space. The three external 
address lines (EAO, EA1 and EA2) and 16-bit I/O port are 
referenced by the EXT symbol in the destination or source 
operand of the instruction (LD A, EXT3). These addresses 
are part of the processor memory map; thus, the processor 
assumes it is simply executing an internal read or write, 
providing a single cycle execution . Control signals /RDYE, 
ER//W AND /El are available to provide signals necessary 
for communication with external peripherals. The ER//W 
signal is an output pin that signifies the mode of the 
external bus. A high signifies a read and a low signifies a 
write. For a write, the rising edge of the /El pin is used to 



strobe valid data information on the port. For a read, the 
rising edge of the /El pin is used to strobe valid data to be 
sampled by the processor. The /RDYE signal, Data Ready, 
is a user-supplied signal for data to and from the external 
data bus. This pin stretches the /El and ER//W lines and 
maintains data on the address bus and data bus. The 
ready signal is sampled from the rising edge of the clock 
with appropriate setup and hold times. The normal write 
cycle will continue from the next rising clock only if ready 
is active (processor is ready for operation). Figures 7.1b 
and 7.2b show the use of the /RDYE pin to hold data one 
clock cycle. 

Note: The RDYE pin is only checked during read or write 
operations. Placing the /RDYE pin high before/after the 
read or write operation will not affect processor operation. 
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7.2 EXTERNAL 16-BIT BUS (Continued) 
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Figure 7.1a. Read Timing Diagram 
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Figure 71b. Read Timing Diagram Using Ready Pin* 

/RDYE is checked during rising edge of clock. 



7-3 



289C00 
User Manual 



7.2 EXTERNAL 16-BIT BUS (Continued) 
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Figure 7.2a. Write Timing Diagram 
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Figure 7.2b. Write Timing Diagram Using Ready Pin* 

/RDYE is checked during rising edge of clock. 
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7.2 EXTERNAL 16-BIT BUS (Continued) 



Table 7.1. Timing Diagram Symbols 



No. 


Symbol 


Parameter 


1 


TPY 


C*lr\r*l( (~*\/r , \a Timo 


2 


PWW 


Clock Pulse Width 


3 


Tr 


Clock Rise Time 


4 


Tf 


Clock Fall Time 


5 


TEAD 


EA.ER//W Delay from CK 


a 
o 


TY\/n 

IAVU 


ea i uaia wuipui vaiia irom oLrx 


7 


TXWH 


EXT Data Output Hold from CLK 


8 


TXRS 


EXT Data Input Setup Time 


9 


TXRH 


EXT Data Input Hold from CLK 


10 


TIEDR 


/El Delay Time from Rising CLK Edge 


1 ■] 




/CI Ucldy 1 llllc llUlll rdlllliy OLI\ CUyc 


12 


TINS 


Interrupt Setup Time 


13 


TINL 


Interrupt Hold Time 


14 


TPAD 


PA Delay from CLK 


15 


TPDS 


PD Input Setup Time 


16 


TPDH 


PD Input Hold Time 


17 


TCTLS 


Halt Setup Time 


18 


TCTLH 


Halt Hold Time 


19 


RDYS 


Ready Setup Time 


20 


RDYH 


Ready Hold Time 



7-6 



7.3 USER I/O 

Two user input and two user output pins are available to 
monitor external peripherals or control the processor pro- 
gram flow. The user I/O is monitored through the status 
register bits 1 and 1 1 for the input pins and 5 and 6 for the 
output pins. The input pins can be used to receive informa- 
tion on peripheral status. The internal program can evalu- 
ate this information and react accordingly. The output pins 
are used to control or provide required information for 
external peripherals. 
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Note: The user input pins (SR bits 1 and 1 1 ) are read only 
and are not inverted. The user output pins (SR bits 5 and 
6) provide the inverted value of the SR bits. (See Figure 7.3 
Status Register I/O bits). 







RAM 
000 
001 
1 

1 1 

1 00 
1 01 
1 1 

1 1 1 



Ranter Loop £ 

64 
2 
4 
8 
16 
32 
64 
64 



"Short Form Direct" bits 
User Output 0-1 
Interrupt Enable 

Overflow protection 

MPY output shifted by 3 bit 

User Input 0-1 

Carry Flag 

Zero Flag 

Overflow Flag 

Negative Flag 



Figure 7.3. Status Register I/O Bits 
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7.4 RESET 

A system reset overrides all other operating conditions Program Counter value is fetched from program memory 

and puts the DSP into a known state. The reset pin, /RES, address OFFCH after the reset signal is released. The 

must be held low for at least one clock cycle. A new external program bus is tri-stated during the reset. 



7.5 CLOCK 

The input clock must be driven by a symmetrical square width should be no less than 45ns. Rise and fall times 
wave. Minimum cycle time is 100ns and high or low pulse should be between 2 and 4ns. 



7.6 INTERRUPTS 

The Z89C00 has three positive edge triggered interrupt 
inputs. An interrupt is acknowledged at the end of the 
current instruction being executed. The PC is pushed onto 
the stack and the interrupt routine address is placed into 
the PC. Once acknowledged, a minimum of three machine 
cycles is required to enter the interrupt routine. The inter- 
rupt signal is reset upon entering the routine. A RET 




instruction transfers the contents of the stack to the PC and 
decrements the stack pointer by one word. The priority of 
the interrupts is 0=highest (FFFFH),2=lowest (FFFDH). 
Nested Interrupts are possible if the ISR (Interrupt Service 
Routine) sets the IE Flag by using a SIEF (Set Interrupt/ 
Enable Flag Instruction). 
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ROM 

Address Instruction 



0016 0A30 LDA, CCP0:0 

0017 0083 LD EXTO, A 

0018 0093 LD EXT1 , A 

0019 00A3 LD EXT2, A 
001 A 0033 LD EXT3, A 



INTO Service Routine 
Address Instruction 

0100 0037 LD A, P 

0101 8200 ADDA, @@P0:0 



Program 
Address 



Instruction 



Interrupt 



(0018 X 10019 ) <J 



clock 



< ( 0093) 



clock 1 



< 00A3> 



< ( 00A3> 



clock 2 



001A 



^) (ffff- )(qioo X 0101 y 



< 00B3> < 0100 > 



^ 00B3> 
Discarded 



Execute <0083 ) (p093 )(oOA3 ><4800' ^)<480Q- ) < 0037 ) 



clock 3 



(Load to 
PC) 



< ^ 0100^ > 

(Load to 
PC) 



clock 4 



< 0037) 



clock 5 



< 8200) 



< 8200> 



3.5 cycles 



H 
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7.6.1 Interrupt Timing 



Figure 7.4 depicts the occurrence of an interrupt during 
execution of a single cycle instruction (LD EXT1 ,A). During 
Clockl the interrupt is latched on the rising edge of the 
interrupt signal. The interrupt is not recognized until the 
falling edge of the clock which occurs, in this case, during 
the same cycle. During Clock2 the LD EXT2.A instruction 



is executed while the LD EXT3, A is fetched. During Clock3 
the previous instruction is discarded and the interrupt 
service routine vector address is placed on the address 
bus. The routine location is retrieved and placed in the 
program counter. The first instruction of the service routine 
is not executed until Clock5. 
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Figure 7.5. Interrupt Timing (Maximum Cycles) 
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cycle delay is required to begin execution of the service 
routine. Notice that one instruction is executed after the 
interrupt has been recognized and two cycles are needed 
to execute the first interrupt routine instruction. Figure 7.5 
depicts the maximum service routine delay of eight and a 
half cycles. This happens when the an interrupt occurs 
during execution of a three cycle instruction (LD A,@@P0:0) 
followed by another three cycle instruction (LD X,@@P1 :0). 
Clocks 1 , 2 and 3 depict the execution of the first instruction 
and Clocks 4, 5 and 6 depict the second instruction 
execution. 



not recognized until the clock cycle following the execution 
of the instruction. If two interrupts occur during the same 
instruction execution, the one of higher priority is ex- 
ecuted. 

7.6.3 Nested Interrupts 

An interrupt routine can itself be interrupted by another. 
This nesting method is provided by using the El (Enable 
Interrupts) instruction after entering an interrupt service 
routine. If another interrupt occurs during this time and the 
El command was used, an interruption of the current 
routine will occur independent of its priority. 
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Figure 7.6. Interrupt and Halt Timing 
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7.7 PROGRAM MEMORY BUS 



The processor can download program or data from exter- 
nal memory via independent 16-bit data and address 
buses (PAO- 1 5 and PDO-1 5). The 1 6 address lines allow up 
to 64K of address space. The address bus tri-states during 



reset and is otherwise driven by the processor during 
normal operation. The data bus is always in a high imped- 
ance input mode. (See Figure 7.7 Memory Port Timing). 
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Figure 7.7. Memory Port Timing 



7.8 HALT MODE 

The Halt mode stops execution of the program code. The 
CPU continuously executes NOPs and the program counter 
remains at the same value when this pin is held High. This 
mode completes the current instruction and then goes into 



the NOP routine. This differs from the /RDYE pin which 
stops the processor when the pin is held high and the 
current executing instruction is not completed. The pro- 
cessor is in a static state during this mode. 
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Chapter 8 

Support products 



8.1 INTRODUCTION 

Zilog provides extensive support tools to assist and ease 
the system designer into effectively implementing the 
advantages of a Digital Signal Processor. Zilog offers: 

■ Macro Assembler 

■ Optimized ANSI C compiler 

■ Linker/Locator 

■ Object Librarian 

■ Software Simulator/Debugger 



TMS320 to Z89XXX Translator 
Real Time Emulator 
HP Logic Analyzer Adapter 
Application/Development Boards 
Available Software Library 
OTP Programming Adapters 



8.2 SOFTWARE SUPPORT 

Software development and additional support tools are 
continuously being created to accommodate the growing 
Z89XXX Family of Digital Signal Processors. To assist in 
software development, Production Languages Corpora- 
tion (PLC) developed the following support tools: 

8.2.1 ANSI C Compiler 

Strict conformance to ANSI C is supported. Features 
include optimization using library routines, algebraic sim- 
plification, redundant load/store removal, dead code re- 
moval, branch chaining elimination and intrinsic functions. 

8.2.2 Macro Assembler 

The Macro Assembler (Z89ASM) generates relocatable 
object code modules in IEEE 695 OMF format. The assem- 
bler also handles macros and conditional assembly, elimi- 
nating the need for a macro preprocessor. 



8.2.3 Linker 

The Linker (Z89Link) links object modules produced by the 
assembler. The linker produces an absolute object file in 
Motorola S-record format and an optional comprehensive 
linkmap file. Linking offers the benefits of smaller, faster- 
assembling modules, use of local and global variables and 
ease of relocating to a specified address. 

8.2.4 Librarian 

The Librarian can be used to create object modules and 
place them into a library. The user can collect user-defined 
modules and allow commonly used routines to be easily 
included in programs. This can be done by linking them to 
any program the user creates with the assembler. The 
Linker searches the specified libraries and links only the 
referenced library modules 
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8.2.5 Simulator/Debugger 

The Simulator/Debugger offers user-defined windows for 
easy access to all the registers. Access to a source code 
listing, disassembly listing and a command window is also 
available. 

The Simulator/Debugger provides the following key fea- 
tures: 

■ User Defined Windows 

■ Command Line 

■ Pull Down Menus 

■ Multiple Source File Evaluation 

■ User Defined Variables Window 

■ On-line Assembler 

■ History Tracing 

■ I/O Interrupt Simulation 

■ Multiple Breakpoints 

■ User Defined Pseudo-variables 



8.2.6 Translator 

The TMS320C2X to Z89XXX Assembly Language Transla- 
tor converts assembly language code written for the 
TMS320C1x and TMS320C2x processors to Z89XXX as- 
sembly code. Translations can be optimized for speed or 
size. Architectural differences between the processors 
occasionally evoke warnings in the 
Review of warnings will produce efficient operation on the 
Z89XXX. 
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Figure 8.1 PLC Toolset 
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8.3 HARDWARE SUPPORT 



Zilog provides an in-house emulator, ICEBOX™ Emulator, 
that uses the MS Windows GUI. The emulator provides 
easy access to all registers, memory, I/O ports, buses, 
stack, and program counter through familiar multiple 
windowing methods. 

The ICEBOX is equipped to provide standard emulation 
evaluation and additional feature capabilities. 

■ Source level code debug 

■ Multiple ICEBOX operation 

■ Multitasking Capability 

■ Font Menu 

■ Multiple Breakpoints 

■ Trace/Animation 

■ Step/Step over 

■ Automatic Refresh 

■ Session Storage 

■ Serial Port Communication 

■ On Line Help 



8.3.1 Multiple ICEBOX Operation 

It is possible to operate several ICEBOXes at the same 
time. The Windows environment complements this 
multitasking operation. 

8.3.2 Multitasking Capability 

To further enhance the development process, several 
applications can be operating simultaneously. Develop- 
ment of software can coincide with emulation of hardware. 



Instead of exiting an editor application, various windows 
can display the emulator, text editor and batch assembler/ 
compiler at once. 

8.3.3 Source Level Debug 

A debug window provides the code listing, breakpoint set/ 
reset, single/continuous stepping, trace code and jump 
capability. 

8.3.4 Trace/Animation 

Animation is a mode where the code is continuously 
single-stepped through the program. Tracing of this pro- 
cedure is possible and storage is held in the trace buffer. 

8.3.5 Session Storage 

A emulator session can be saved for later evaluation. 
Storage of window positions, downloaded code files, font 
sizes, and debug flags is performed. 

8.3.6 Logic Analyzer Adapter 

To view the states or timing of signals available by the 
Z89C00 system, an adapter is available for the HP 165XX 
family of Logic Analyzers. 
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Figure 8.2 Icebox/Logic Analyzer Support 
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9.1 INTRODUCTION 

The DSP operates on twos complement binary fractional 
numbers. Though there are other methods of numerical 
representation, fractional representation provides advan- 
tages for signal processing algorithms. Multiplication of 
two fractions produces a fractional result, eliminating the 
possibility of overflows. With algorithms that require use of 
multiplication and additions, a convenient numerical rep- 



Chapter 9 

DSP Numerical representation 

resentation would provide efficiency. Various representa- 
tions include unsigned, signed, integer, fractional, twos 
complement, or a combination of these. The following 
examples use an 8-bit representation rather than thel 6/24 
bit representation available on the DSP, to simplify the 
discussion. 



9.2 UNSIGNED 8-BIT BINARY NUMBER 

e: to 255 (OOtoFFH) 



1 



1 



97H 



2? 2 6 2 5 2* 2 3 2 2 2 1 2° 



128 + 



16 + 4+2+1 =151d 



Notice that all eight bits represent positive whole numbers. 
Since the representation is in binary, powers of two are 
used to evaluate the decimal representation of the num- 
ber. 



Figure 9.1 Unsigned 8-bit binary 



9.3. SIGNED, TWO'S COMPLEMENT, 8-BIT BINARY NUMBER 



Range: -128 to 127 (80H to 7FH) 



1 







1 



97H 



Notice that the first bit is a sign bit of weight -128. The rest 
are positive. Again, the addition of the decimal represen- 
tation produces the result. 



-2 7 2 6 2 5 2* 2 3 2 2 2 ' 2° 

-128 + 16 + 4 +2+ 1 =-105d 



Figure 9.2. Signed, Two's Complement, 8-bit binary 
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9.4 



SIGNED, TWO'S COMPLEMENT, FRACTIONAL 8-BIT BINARY NUMBER 

-1 to 0.992 (80H to 7FH) 



10 10 111 



97H 



2-o 2- 1 2 2 2 3 2* 2 s 2" 6 2' 7 

-1 + .125 ♦ .0312 +.0156+0078 =-.8204 

Figure 9.3. Signed, Two's Complement, 
Fractional 8-bit binary 



In the previous cases, whole number representation was 
used. The above example displays a fractional represen- 
tation of a binary number. Notice that for the signed 
numbers, 80H is the most negative number possible rather 
than FFH. 



9.5 FRACTIONAL REPRESENTATION IN T 

The DSP operates on 1 6 and 24-bit numbers. The leftmost 
bit is the sign bit and the binary point can be considered 
immediately to the right of the signed bit. The architecture 
of the DSP lends itself to the fractional representation 
discussed in Section 9.4. Multiplications are accommo- 
dated with the appropriate shifts automatically performed. 

To fully understand the fractional twos complement sys- 
tem a simple calculator with HEX to Integer Decimal 
conversion and an Exclusive OR (XOR) function is helpful. 
The following sections include different conversions that 
will assist in evaluating an arithmetic operation on the 
processor. (Note: All Examples Assume 16-bit Two's 
Complement Numbers) 

Positive and Negative Hex Numbers 

To convert a negative number to a positive number the 
two's complement of the hex number must be taken. This 
is performed by inverting all the bits of the hex number and 
adding 1 to it. This is possible by taking the XOR of the 
operand and FFFFH and adding 1 to this value. 

(9ABCH .XOR. FFFH) + 1 = 6544H 

From the above example, 9ABCH is the negative of 6544H. 

Hex to Integer Decimal Conversion 

This operating is normally performed on a calculator and 
section 9.2 presented an example of such a conversion. A 
16-bit conversion follows: 

5ABCH --> integer conversion - - > 23228d 

Integer to Fractional Decimal Conversion 

To perform the integer to fractional conversion, the range 
of the integer numbers (+ -32768d) must be rescaled to the 



: dsp 

range of the fractional numbers (-1.0d to 0.9999695d). 
This is accomplished by dividing the integer number by 
32768d (8000H). 

23228d - -> fractional conversion --> 23228d/32768d = 
0.7088d 

Hex to Fractional Decimal Conversion 

By combining the methods used above, it is possible to 
convert a two's complement hex number into its fractional 
decimal value. Since the processor uses signed hex 
numbers the only concern would be whether a positive hex 
number or negative hex number is being converted. 

For positive numbers: 

5ABCH - -> 23228d/32768d = 0.7088d 

When converting negative numbers, the two's comple- 
ment is performed and the sign is compensated by negat- 
ing the result. 

A544H -> two's complement --> 5ABCH 
5ABCH - -> integer conversion - -> 23228d 
23228d - -> fractional conversion - -> 

23228d/32768d = 0.7088d 
0.7088d - -> negative - -> -0.7088d 
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The following pres 


ents 16 and 24-bit representations: 

Table 9.1 . Smallest/Largest Number Representation 




Smallest Number Largest Number 


16-bit 
24-bits 


8000H (-1) 7FFF (0.9999695) 
800000H(-1) 7FFFFFH (0.9999999) 







9.5.1 Additions 

The ALU operates on 24-bit numbers. Data is available 
from the P-bus, P register or Accumulator. The addition of 
16-bit numbers is performed as normal binary addition. If 
the largest value, 7FFFFFH, is exceeded, the overflow bit 
is set. The accumulator will lose the most significant bit 
unless the overflow bit is set before the addition operation 
(see section 3.12.5 - Overflow Protection). 

Note: The accumulator status bits are hardwired to ac- 
commodate signed, two's complement, fractional num- 
bers. 

9.5.2 Multiplications 

The Digital Signal Processor provides processing power 
by handling multiplications and other numerical opera- 
tions very efficiently. The DSP is hardwired to accommo- 
date fractional multiplications. The following example dis- 
plays a typical operation. 

Note: The automatic shifting of data before entering the P 
register is an inherent feature of operating with signed, 
two's complement, fractional data. 

Example 9.1. Multiplication/Shifting 

Operation: 2000H * 2000H 
Binary Representation: 

0010 0000 0000 0000 2000H 
X 0010 0000 0000 0000 2000H 

0000 01 00 00000000 000000000000 01X000000H 

(Multiply by 2) 

Product is shifted left one bit: 

0000 1000 0000 0000 0000 0000 0000 08000000H 

As noted in section 9.4: 0800000H = 1/16 = 0.0625 



As shown in the example, a 16-bit by 16-bit multiply 
produces a 32-bit result. The first bit of the operands is the 
sign bit. By multiplying two operands containing sign bits, 
the resultant contains both sign bits (bits 34 and 35). In 



considering this extra bit, the most significant bit is dis- 
carded. This will provide the correct numerical represen- 
tation in the P (Product) register. Only the most significant 
24 bits are saved. 

2000H* 2000H = 080000H 

0.25* 0.25 = 0.0625 

Note: The automatic shifting of data before entering the P 
register is an inherent feature of operating with signed, 
two's complement, fractional data. 

9.5.3 Additional Multiplications Techniques 

The use of a scientific calculator and the Z89C00 GUI 
emulator or PLC simulator/emulator interface can be used 
to better understand how DSP multiplication works. The 
multiplication is broken down into its elements below to 
show what steps are taken to perform the operation. The 
Emulator can be used to verify the value and vice-versa. 
The calculator should, in addition to all the regular func- 
tions, have hexadecimal to decimal (HEX to DEC, DEC to 
HEX) and exclusive OR (XOR). (Note: All Examples As- 
sume 16-bit Two's Complement Numbers) 



C$> SLOE 
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9.5.3 Additional Multiplications Techniques (Continued) 
Example 1. 

Two Positive hex number multiplication 

Operands: 6FFFH 
6FFFH 

Action: 6FFFH * 6FFFFH 

Processor: X = 6FFFH 
Y = 6FFFH 
P = 61FE40H (result) 

Calculator: 

1) Multiply 6FFF * 6FFF 

2) Shift left 1 bit (Multiply by 2) 

3) Use most significant 24 bits. 

6FFF (Place in X register) 
X6FFF (Place in Y register) 
30FF2001 

X2 (Multiply *2 equivalent to shift left 1 bit) 
61FE4002 

61 FE40 (Save only top 24 bits. This is what appears in the P register) 

Fractional: 

6FFFH - -> conversion - -> 0.8749d 
61FEH - -> conversion - -> 0.7655d 

Verification: 

0.8749 * 0.8749 = 0.7655 
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Example 2. 

The Negative hex number multiplication 



9DABH 
AEAFH 

9DABH * AEAFH 

X = 9DABH 
Y = AEAFH 
P = 3E7803H 



Action: 
Processor: 



Calculator: 
1) 
2) 
3) 
4) 



Take Two's Complement of both negative numbers (XOR with FFFF then add 1) 

Multiply results 

Shift left 1 bit (Multiply by 2) 

Use most significant 24 bits. 



6255 (Two's Complement of 9DAB. i.e., XOR (9DAB, FFFF) +1) 

X5151 (Two's Complement of AEAF, i.e., XOR (AEAF, FFFF) +1 ) 
1F3C01E5 

X2 (Multiply *2 equivalent to shift left 1 bit) 
3E7803CA 

3E7803 (Save only top 24 bits. This is what appears in the P register) 

Fractional: 

9DABH - -> conversion - -> -0.7682d 
AEAFH - - conversion - -> -0.6352d 
3E78H - -> conversion - -> 0.4880d 

Verification: 

-0.7682H * -0.6352H = 0.4880 




9.5.3 Additional Multiplication Techniques (Continued) 



Example 3: 



One Positive and One Negative Hex Multiplication 



Operands: 



9DABH 
6FFFH 



Action: 



9DABH * 6FFFH 



Processor: X = 9DABH 
Y = 6FFFH 
P = A9F664H (result) 

Calculator: 

1) Take Two's Complement of -ve (XOR with FFFFthen add 1) 

2) Multiply result with +ve 

3 Shift left 1 bit (Multiply by 2) 

4) Take Two's Complement -ve (XOR with FFFF then add 1) 

5) Use only top 4 bytes 

6255 (Two's Complement of 9DAB is XOR (9DAB, FFFF) + 1 ) 
X6FFF 
2B04CDAB 

X 2 (Multiply *2 equivalent to shift left 1 bit) 
56099B56 

A9F664AA (Two's Complement) 

A9F664 (Save only the upper 24 bits. This is what appears in the P register) 



Be especially careful to note the truncations that take place and that are normally implicit in this type of mathematics. This 
is because although the multiplier produces a 32 bit result only the 24 most significant bits are saved. Then if this result 
is saved say, temporarily in a RAM BANK, then only the 16 most significant bits are saved. If greater precision is needed, 
say, if your using very small numbers, then you should scale the data before you do the multiplication. One final point: 
the DSP is designed for two's complement fractional multiplies and is useless for scalar multiplication. 



Fractional: 



9DABH - -> conversion - -> -0.7682d 
6FFFH - -> conversion - -> 0.8749d 
3E78H --> conversion - -> -0.6721 d 



Verification: 



-0.7682H * 0.8749H = -0.6721 



Other Notes: 
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Since the DSP operates on signed, two's complement, 
fractional numbers, data must be sent to the multiplier and 
ALU in that form. Consider the use of an analog to digital 
converter (ADC). The output of a 16-bit ADC ranges from 



0000H to FFFFH. Translating this range to the DSP's range 
of 8000H to 7FFFH can be done in several ways. A simple 
exclusive-OR can be done to normalize the data to the 
signed, two's complement, fractional representation. 



Table 9.2. ADC Incoming Data 



ADC Output Decimal DSP Decimal 



0000H 0000H 0.0000 

8000H 32,768 7000H 0.5000 

FFFFH 65,535 7FFF 0.9999 



Another method is to shift the data by one bit right and 
place a zero in the most significant bit. Notice the tabu- 
lated information above. This translation is very simple. 
The disadvantage is that one bit of accuracy is lost. This 



implementation can be done by the shift right (SRL) 
command or by hardwiring the ADC inputs so the MSB is 
connected to bit 1 4 of the data bus and the rest of the bits 
connected accordingly. 



9-7 



9-8 



User's Manual 



Chapter 10 

Introduction to Software 
Development 



10.1 INTRODUCTION 

The purpose of this section of the technical manual is to 
introduce basic programming topics. Designers unfamil- 
iar with Zilog's Digital Signal Processors can skim through 
the topics and become familiar with the basic structure 
and commands. Subjects include: 



Processor Initialization 
Look-up Table Transfer 
Memory Transfers 
Subroutine Calls/Jumps 
Operations on Sequential Data 
Condition Code Implementation 



Each section will include examples to clarify the use of the 
given topic. 



10.2 PROCESSOR INITIALIZATION 

Proper initialization assures known states upon start-up or Status and pointer registers affects the execution of an 

reset. Of concern are the hardware registers and data operation, the following routine initializes all initial values to 

memory. Since an initial value for the Accumulator, X, Y, P, zero. 



Example 10.1. Initialization Routine 

* * * Initialization Procedure * * * 



LD SR, #%0000 

LD A, #%0000 

*** Clear RAM Banks *** 

LD P0:0, #%FF 

LD P0:1,#%FF 

Clear: 

LD @P0:0-LOOP, A 

LD @P0:1-LOOP, A 

CP A, P0:0 

JP nz, Clear 

LD P0:0,A 

LD P0:1,A 
END 
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10.2 PROCESSOR INITIALIZATION (Continued) 



The initialization routine begins by clearing the Hardware 
Registers. The Accumulator register and the loop (Clear) 
are used to assist in clearing the RAM Banks. Indirect 
addressing and the auto-decrement option are used. The 
loop continues until the register pointer (P0:0) is 
decremented to zero. The routine jumps out of the loop 
and clears the lowest RAM locations (register zero). There 
are several methods to clear the RAM banks. The 
auto-increment option can also be used. Another imple- 
mentation is: 

Example 10.2. Memory Initialization 



LD A, #%0000 
LD P0:0,#%00 
LDP0:1,#%00 
LD X, #%0000 

Clear: 



end 



10.3 LOOK-UP TABLE TRANSFER 

Loading tabulated data from ROM to RAM is often used. 
The following routine provides an efficient method of 



This example illustrates the auto-increment option of the 
register pointers and use of the hardware register X as a 
storage location. The compare instruction subtracts the 
value 0001 00H from the accumulator. If equal, the routine 
ends. Since the increment instruction is used, the accu- 
mulator will be incremented each time the loop is imple- 
mented (000000H, 000001H, 000010H 0000FFH, 

000100H). Note that a load to the accumulator affects the 
upper 16 bits; therefore, the immediate operand in the 
compare instruction appears as 0001 00H to the accumu- 
lator. 



loading such a table. The RAM location of the table and 
size are initialized before the load begins. 



LD @P0:0+,X 
LD @P0:1+,X 
INC A 

CP A,#%0001 
JP NE.CIear 
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Example 10.3. 



;Coefficient loading 



coef 
size 



EQU %10 
EQU %0f 



LD P0:0,#coef 
LD D0:0,#table 
LD A,#size 

filljable: 
LD X,@D0:0 
LD @P0:0+,X 
SUB A,#1 
JP ne.filljable 

.Coefficient Table 



,RAM location of coefficient 
;size of coefficient table 



;place table RAM location in P0:0 
,-place table ROM location in D0:0 
;place size of table in Accumulator 



;place ROM coefficient into register X 
;place register X content into RAM 
;subtract one from accumulator 
;jump if table is not completed 



Table: 
dw%0186 
dw %fe23 
dw %7265 
dw %cc6b 
dw%0186 
dw%113c 
dw %dc82 
dw %76b6 
dw %c64d 
dw%133c 
dw %2794 
dw %b4e0 
dw %7a39 
dw %c1a5 
dw %2794 
end 



The location of the RAM table is defined at 90H to 9FH. The 
pointer register P0:0 is used as the RAM pointer and D0:1 
is used as the ROM pointer. The accumulator is loaded 
with the table size and checked for zero content, which 
indicates the table has been loaded. Notice that the 
subtract instruction is used rather then the decrement 
instruction. Since the accumulator is loaded with 000F00H, 
the immediate load of 0001 00H is used to subtract from 



this value. Since the decrement instruction operates on the 
whole 24-bit accumulator, the loop would perform 3,840 
(F00H) loops before the zero is reached. With the subtract 
instruction, only the upper 16 bits are affected with imme- 
diate addressing. Note that the program can be modified 
to accommodate many types of addressing and instruc- 
tion implementation. 



10.4 MEMORY TRANSFERS 

The previous section presented software routines to pass 
data from ROM to RAM. To pass data from RAM to RAM 
requires on temporary register and the use of the Load 
Instruction. 

LD A, @P0:0 
LD@P0:1, A 

If the accumulator cannot be used, other temporary regis- 
ters include the X, Y, Stack or External Register. 



LD X, @P0:0 
LD @P0:1,X 

Since the multiplier is a flow through architecture, care 
must be taken if the P register has important data. The load 
to X will perform a multiplication and the new product will 
be placed in the P register. 



10.5 LOOP CONTROL 

The loop option for the pointer registers provide sthe ability 
to loop through constantly used data. The example shows 
how a simple multiplication of incoming data with a table of 
constants can be performed. Using the table loading 
routine, the following constants are loaded into RAM Bank 
0: 



Example 10.4. Loop Control 



28 


0186H 




29 


FE23H 




2A 


7265H 




2B 


CC6BH 




2C 


0186H 




2D 


113CH 




2E 


DC82H 




2F 


76B6H 




LD 


begin addr,#%28 




LD 


A,#%0000 


;clear accumulator 


LD 


SR, #%0003 


;set loop size to 8 


LD 


P0:0,#begin_addr 


initialize pointer-location 


LD 


Y.EXTO 


;load external data into Y 






register 


again: 






MPYA 


Y,@P0:0+LOOP 


;multiply/accumulate 


LD 


P0:1,A 




LD 


A,P0:0 




CP 


A,#begin_addr 




LD 


A,P0:1 




JP 


NZ.again 
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11.1 INTRODUCTION 

The following sections provide software and hardware these examples will assist in providing familiarization with 
examples for the Z89XXX family of processors. Use of the processors. 



11.2 SOFTWARE EXAMPLES 

The software examples include: 

■ Simple Five Tap FIR Filter 

■ Additional FIR/IIR Filters 

MR 6th order Low-pass filter. Elliptical cascade 
direct form I 

IIR 6th order Band-pass filter. Elliptical cascade 
direct form I 

FIR 63 tap Low-pass filter. Equal ripple. 
FIR 63 tap Low-pass filter. Kaiser window. 
FIR 63 tap Band-stop filter. Kaiser window. 
FIR63 tap High-pass filter. Kaiser window. 



1 1 .3 SIMPLE FIVE TAP FIR FILTER 



PC Machine Code I 


Line 




File: Tl.asm 


A 
A 


1 
2 


;SIMPLE FIVE TAP FIR FILTER IMPLEMENTATION 


A 


3 


;This very simple five tap FIR filter implementation shows how 


A 
A 


4 


;efficiently and elegantly the Z89C00 architecture can be used. 


A 


5 
6 


;The five coefficients loaded at the start are random numbers so 


A 


7 


;the program will not actually be able to perform any real filtering 


A 
A 


8 
9 


;until real coefficients are generated. 


A 


10 


;A mathematical convolution is being executed. The five 


A 


11 


;coefficients are loaded into RAMI and do not change. RAMO 


A 


12 


;is used to store the current sample, and the previous four 


A 


13 


;samples. 


A 


14 




A 


15 


;lt should be noted that the five locations used to store samples 


A 


16 


;increases by one on each pass of the filter. A new sample 


A 


17 


;is loaded in at the top of the buffer each time, and the bottom 


A 


18 


;of the buffer starts at the next higher location on each pass. 


A 


19 


;This reduces the amount of time required to set up the pointers 



User's Manual 

Chapter 11 

Applications 



■ Fast Fourier Transform 

Cooley-Tukey Radix-2, DIF in place FFT 

■ Additional Arithmetic Instructions 

Signed Word Division 
Long Addition 

Signed/Unsigned Long Left Shift 
Long Subtraction 
Signed Long Division 
Signed Word Multiplication 
Unsigned/Signed Word Shift Left 
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11.3 SIMPLE FIVE TAP FIR FILTER (Continued) 



PC 


Machine Code 


I 


Line 


File: T1 .asm 






A 


20 


;and so increases the operating frequency. 






A 


21 










A 


22 


;The main loop in this program is 14 cycles - 1.4 microseconds. 






A 


23 


;This means that the maximum sample rate exceeds 714 kHz. 






A 


24 


;00000000 






A 


25 


org 


%00 






A 


26 






00000000 


1E00 


A 


27 


id 


p2: 1 ,#0 ;STORE FIVE COEFFICIENTS 


00000001 


0D06 7023 


A 


28 


Id 


@p2:1+,#%7023 


00000003 


0D06 2355 


A 


29 


Id 


@p2:1+,#%2355 


00000005 


0D06 6BD3 


A 


30 


Id 


@p2:1+,#%6BD3 


00000007 


0D06 5C12 


A 


31 


Id 


@p2:1 + ,#%5C12 


00000009 


0D02 3F77 


A 


32 


Id 


@p2:1,#%3F77 






A 


33 






0000000B 


1904 


A 


34 


Id 


p1 :0,#4 ;NEW SAMPLE POINTER 


oooooooc 


0840 0098 


A 


35 


Id 


sr,#%0098 ;SET STATUS REGISTER 


0000000E 


18FF 


A 


36 


Id 


p0:0,#255 INITIALIZE P0:0 






A 


37 






OOOOOOOF 


1D00 


A 


38 


ip: 


Id p1:1,#0 ;RESETP1:1 


00000010 


0204 


A 


39 


Id 


bus,@pO:0+ INCREMENT P0:0 


0000001 1 


1210 


A 


40 


Id 


x,pO:0 


00000012 


1412 


A 


41 


Id 


p2:0,x ;SET P2:0=P0:0 






A 


42 






00000013 


0495 


A 


43 


Id 


@p1:0+,ext1 ;NEW SAMPLE FROM ADC 






A 


44 










A 


45 


.EXECUTE FIVE TAPS 


00000014 


B756 


A 


46 


mid 


@p1:1 + ,@p2:0+ 


00000015 


9756 


A 


47 


mpya 


@p1:1+,@p2:0+ 


00000016 


9756 


A 


48 


mpya 


@p1:1+,@p2:0+ 


00000017 


9756 


A 


49 


mpya 


@p1:1+,@p2:0+ 


OOUUUUlo 


9712 


A 

A 


5U 


mpya 


@p1:1,@p2:0 






A 


51 






00000019 


9712 


A 


52 


mpya 


@p1:1,@p2:0 ;DUMMY MULTIPLY TO 






A 


53 


;ACCUMULATE LAST RESULT 






A 


54 






0000001 A 


0083 


A 


55 


id 


extO.a ;OUTPUT RESULT TO DAC 






A 


56 






0000001 B 


4C00 000F 


A 


57 


jP 


Ip ;LOOP BACK 
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1 1 .4 ADDITIONAL FIR/IIR FILTERS 



pr 



Machine Code 



Line 



: tl.asm 



00000000 




00000000 


06FF 


00000001 


B80F 


00000002 


9003 


00000003 


8800 0006 


00000005 


0063 


00000006 




00000006 


4C00 0028 


00000008 


4C00 0061 


0000000A 


4C00 008C 


oooooooc 


4C00 0104 


0000000E 


4C00 013B 


00000010 


4C00 0172 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 



A 20 
A 21 



22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 



Filter Demo Program 
;2 MR filters, and 4 FIR filters 

;Six simple filter programs are implemented using the Zilog 
;Z89C00 100ns chip. A software switch, set at the top of RAMO 
;(%FF), is used to select one of the six programs as follows: 

,0. IIR 6th order Low-pass filter. Elliptical cascade direct form I 
;1. 
;2. 
;3. 
:4. 
;5. 



IIR 6th order Band-pass filter. Elliptical cascade direct form I 
FIR 63 tap Low-pass filter. Equal ripple. 
FIR 63 tap Low-pass filter. Kaiser window. 
FIR 63 tap Band-stop filter. Kaiser window. 
FIR 63 tap High-pass filter. Kaiser window. 



;The program first reads filter coefficients into internal RAM from 
iprogram ROM. The program then remains idle until an interrupt 
;signal is received. Once an interrupt is accepted, it checks the 
;software switch to determine which filter it is running, outputs 
;the result of the previous calculation to the DAC (EXTO), reads 
;the ADC (EXT1), performs a filter calculation, and then returns 
;to the idle state with the result of the calculation held in the 
;accumulator. 

;The main loop for the two IIR filters is 13 instruction cycles in 
;length, including pointer set up for the next calculation. This 
;equates to 1 .3 microseconds. The 63 tap filter calculation is 
;executed in less than 7 microseconds, including set up for the 
;next data input. (Tap number + 6) x 100ns = FIR execution 
;approx. 

;These results show that the Z89C0010VSC generally out 
;performs the TMS320C25-40. (Cycle time on both 
;devices= 100ns) 



org 

LD A,%ff ;CHECK SOFTWARE SWITCH 

AND A,#%000f 
SLL A 

ADD A,#(vtop & %ff) 
LD PC,A 



vtop: 

JP initO 

JP initl 

JP init2 

JP init3 

JP init4 

JP init5 



;INITIALIZATION JUMP VECTORS 
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PC 




I 


Lin© 


File: t1 .asm 


00000012 




A 


53 




ntin: .INTERRUPT SERVICE ROUTINE 


00000012 


0005 


A 


54 


POP bus 


00000013 


0053 


A 


55 


PUSH A 


00000014 


06FF 


A 


56 


LD A,%ff ;CHECK SOFTWARE SWITCH 


00000015 


B80F 


A 


57 


AND A,#%000f 


00000016 


9003 


A 


58 


SLL A 


00000017 


8800 00 1C 


A 


59 


ADD A,#(vtopint & %ff) 


00000019 


0013 


A 


60 


LDX.A 


0000001 A 


0035 


A 


61 


POP A 


0000001 B 


0061 


A 


62 


LD POX 






A 


63 






000000 1C 




A 


64 


vtopint: ;FILTER CALCULATION JUMP VECTORS 


0000001 c 


4C00 0051 


A 


65 


JP progO 


0000001 E 


4C00 007C 


A 


66 


JP progl 


00000020 


4C00 0099 


A 


67 


JP prog2 


00000022 


4C00 0111 


A 


68 


JP prog3 


00000024 


4C00 0148 


A 


69 


JP prog4 


00000026 


4C00 017F 


A 


70 


JP prog5 






A 


71 










A 


72 




Application program here 






A 


73 










A 


74 




MR FILTER Low pass 6th order 






A 


75 




Elliptic - Cascade rep. 






A 


76 




Three Bi-quad Filters are cascaded. 






A 


77 






00000028 




A 


78 


initO: 






A 


79 










A 


80 


; Coefficient loading 






A 


81 










A 


82 


coefO EQU %10 






A 


83 


datO EQU %0 






A 


84 


widatO EQU %10 






A 


85 


sizeO EQU %0f 






A 


86 






00000028 


1810 


A 


87 


LD P0:0,#coef0 


00000029 


0C03 0042 


A 


88 


LD D0:0.#tablp0 


0000002B 


0830 000F 


A 


89 


LD A,#size0 






A 


90 






0000002D 




A 


91 


Ip11: 


0000002D 


0A13 


A 


92 


LD X,@D0:0 


0000002E 


0414 




93 


LD @P0:0+,X 


0000002F 


3801 


A 


94 


SUB A,#(1 & %ff) 


00000030 


4C50 002D 


A 


95 


JPne,lp11 






A 


96 






00000032 


4C00 0051 


A 


97 


JP progO 






A 


98 










A 


99 






00000034 




A 


100 


biquad: 






A 


101 










A 


102 


[Subroutine Bi-quad 






A 


103 










A 


104 


[Sequence of the calculation 






A 


105 










A 


106 


;1)w11 + b10*Xin — » 0.5*Yo 



11-4 



— 



User Manual 



PC 


Mdonine ooue 


1 
1 


Line 


File: tl.asm 








A 


107 


;2)w12 + b11*Xin-a11*Yo — » w11 






A 


108 


;3)b12*Xin-a12*Yo — » w12 






A 


109 










A 


110 










A 


111 










A 


112 


i 








A 


113 


;Xin«— P1:1 (start) 


P0:0( start) — » b10 






A 


114 


;Yo «— P1:1(end) 


b11 






A 


115 


;-a11 








A 


116 


;-a12 








A 


117 


; w11 «— P2:1 (start) 


b12 






A 


118 


; w12 


=0:0(end) — » *** 






A 


119 


; "* «— P2:1(end) 








A 


120 










A 


121 






00000034 


B714 


A 


122 


MLD @P1:1,@P0:0+ 


X*b10— » P 


00000035 


0336 


A 


123 


LD A,@P2:1 + 


A << — w11 


00000036 


9754 


A 


124 


MPYA@P1:1+,®P0:0+ 


w1 1 + X*b10 — » A, X*b1 1 — »P 


00000037 


9003 


A 


125 


SLL A 


A * 2 — >> A 


00000038 


0531 


A 


126 


LD @P1:1,A 


Y «— A 


00000039 


033A 


A 


127 


LD A,@P2:1-loop 


A << — w12 


0000003A 


9714 


A 


128 


MPYA@P1:1,@P0:0+ 


A «— w12 + X*b1 1 , Y*(-a1 1 ) — » P 


0000003B 


8007 


A 


129 


add A,P 


A«— w12 + X*b11 +Y*(-a11) 


0000003C 


0536 


A 


130 


LD @P2:1 + ,A 


w11 «— w12 + X*b11 + Y*(-a11) 


0000003D 


B794 


A 


131 


MLD @P1:Moop,@P0:0+ 


Y*a12— » P, 0— »A 


0000003E 


9754 


A 


132 


MPYA@P1:1+,@P0:0+ 


A «— Y*(-a12), X*b12 — » P 


0000003F 


8007 


A 


133 


ADD A,P 


A«— X*b12 + Y*(-a12) 


00000040 


0536 


A 


134 


LD @P2:1+,A 


w12 << — A 


00000041 


0065 


A 


135 


ret; 








A 


136 










A 


137 










A 


138 


; Coefficient Table 








A 


139 






00000042 




A 


140 


tablpO: 




00000042 


0186 


A 


141 


dw%0186 ;b10 


00000043 


FE23 


A 


142 


dw %fe23 


b11 


00000044 


7265 


A 


143 


dw %7265 


a11 


00000045 


CC6B 


A 


144 


dw %cc6b 


a12 


00000046 


0186 


A 


145 


dw%0186 


b12 






A 


146 






00000047 


113C 


A 


147 


dw%113c 


b20 


00000048 


DC82 


A 


148 


dw %dc82 


b21 


00000049 


76B6 


A 


149 


dw %76b6 


a21 


0000004A 


C64D 


A 


150 


dw %c64d 


a22 


0000004B 


133C 


A 


151 


dw%133c 


b22 






A 


152 






0000004C 


2794 


A 


153 


dw %2794 


b30 


0000004D 


B4E0 


A 


154 


dw %b4e0 


b31 


0000004E 


7A39 


A 


155 


dw %7a39 


a31 


0000004F 


C1A5 


A 


156 


dw %c1a5 


a32 


00000050 


2794 


A 


157 


dw %2794 ;b32 






A 


158 










A 


159 
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PC 


Machine Code 


I 


Liri6 


Filp' t1 fi^m 

inc. ii .001 1 1 




00000051 




A 


160 


progO: 








A 


161 






00000051 


4800 01 AB 


A 


162 


CALL io 




00000053 


1810 


A 


163 


LD P0:0,#coef0 




00000054 


1D00 


A 


164 


LD P1:1,#dat0 




00000055 


1E10 


A 


165 


LD P2:1,#widat0 




00000056 


0531 


A 


166 


LD ®P1:1,A 




00000057 


4800 0034 


A 


167 


CALL biquad 




00000059 


4800 0034 


A 


168 


CALL biquad 




0000005B 


4800 0034 


A 


169 


CALL biquad 




0000005D 


0331 


A 


170 


LD A,@P1:1 




0000005E 


9405 


A 


171 


sief 




0000005F 


4C00 01A9 


A 


172 


JP idle 








A 


173 










A 


174 










A 


175 


; Application program 1 here 








A 


176 










A 


177 


; MR FILTER band pass 6th order 








A 


178 


; Elliptic - Cascade rep. 








A 


179 










A 


180 


; Three Bi-quad Filters are cascaded. 








A 


181 






00000061 




A 


182 


initl: 








A 


183 










A 


184 


; Coefficient loading 








A 


185 










A 


186 


coefl EQU%10 








A 


187 


dat1 EQU %0 








A 


188 


widatl EQU%10 








A 


189 


sizel EQU %0f 








A 


190 






00000061 


1810 


A 


191 


LD P0:0,#coef1 




00000062 


0C03 006D 


A 


192 


LD D0:0,#tablp1 




00000064 


0830 000F 


A 


193 


LD A,#size1 








A 


194 






00000066 




A 


195 


Ip111: 




00000066 


0A13 


A 


196 


LD X,@D0:0 




00000067 


0414 


A 


197 


LD @P0:0+,X 




00000068 


3801 


A 


198 


SUB A,#(1 & %ff) 




00000069 


4C50 0066 


A 


199 


JP ne,lp111 








A 


200 




0000006B 


4C00 007C 


A 


201 


JP progl 








A 


202 










A 


203 


; Coefficient Table 








A 


204 






0000006D 




A 


205 


tablpl: 




0000006D 


0190 


A 


206 


dw%0190 ;b10 




0000006E 


0000 


A 


207 


dw %0000 ;b11 




0000006F 


758F 


A 


208 


dw %758f ;a1 1 




00000070 


C31E 


A 


209 


dw%c31e ;a12 




00000071 


FE70 


A 


210 


dw%fe70 ,b12 








A 


211 






00000072 0A41 


A 


212 


dw %0a41 ;b20 
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00000073 


EDE8 


A 


213 


rlw %pHp8 


;b21 






00000074 


7562 


A 


214 


dw %7 C >62 

Li VV /Of 


;a21 






00000075 


C195 


A 


215 




;a22 






00000076 


0A41 


A 
A 


216 
217 


dw %0a41 


;b22 






00000077 


20DD 


A 


218 


dw %20dd 


;b30 






00000078 


C028 


A 


219 


dw %c028 


!b31 






00000079 


7899 


A 


220 


dw %7899 


;a31 






0000007A 


C14F 


A 


221 


dw %r14f 


;a32 






0000007B 


20DD 


A 
A 
A 


222 
223 
224 


dw %20dd 


;b32 






0000007C 




A 
A 


225 












4flnn m ar 


A 


227 


CALL io 








oonooo7F 


1810 


A 


228 


I D POO #rnpf1 










1 nnn 

I uuu 


A 
AA 


99Q 


I n P1-1 &ria\-\ 
\—LJ r I . I ,#11(11 l 










1F1D 


A 
M 


9^0 


1 H P9-1 ihwirlatl 
LU n&i I |TtWIUdl I 








00000081 


0531 


A 


231 


LD @P1:1,A 








00000082 


4800 0034 


A 


232 


CALL biquad 








00000084 


4Rrm nm4 


A 


233 


PAI I hini lad 








00000086 


4800 0034 


A 


234 


CALL biquad 








00000088 


0331 


A 


235 


LD A,@P1:1 








00000089 


9405 


A 


236 


sief 








0000008A 


4C00 01 A9 


A 
A 
A 


237 
238 
239 


JP idle 












A 


240 


; Application program 2 here 










A 


241 














A 
















A 


94^ 


; DEMO 2 (FIR Filter) 












A 


244 














A 


94^ 


; 63 Taps FIR filter 












A 


94fi 














A 

fy 


947 


; $$fc %500Z,Parks-McClellan Equi-ripple 










A 


94R 














A 


94Q 










0000008C 




A 


250 


init2: 












A 


251 


datatop2 EQU %80 










A 


252 


coeffir2 


EQU %80 






0000008C 1880 


A 


253 


LD P0:0,#datatop2 








0000008D 1C80 


A 


254 


LD P0:1,#coeffir2 








0000008E 0840 0006 


A 


255 


LD SR,#0006 








00000090 0D03 00E3 


A 


256 


LD D0:1,#coftop2 








00000092 0830 0020 


A 


257 


LD A,#%20 












A 


25R 










00000094 




A 


9"iQ 

£JJ 


demolp2: 








00000094 OB 13 


A 


260 


LD X,@D0:1 








00000095 0514 


A 


261 


LD @P0:1+,X 








00000096 3801 


A 


262 


SUB A,#(1 & %tf) 








00000097 4C50 0094 


A 


263 


JP ne,demolp2 












A 


264 














A 


265 
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00000099 




A 


266 


prog2: 


00000099 


4800 01 AB 


A 


267 


CALL io 


0000009B 


1C80 


A 


268 


LD P0:1,#coeffir2 


0000009C 


4800 00A2 


A 


269 


CALL Sigma 


0000009E 


0430 


A 


270 


LD @PO:OA 






A 


271 


;LD SR,#%0066 ; Toggle P0.P1 






A 


272 


;LD SR,#%0006 ; for scope trigger 






A 


273 




0000009F 


9405 


A 


274 


sief 


000000A0 


4C00 01A9 


A 


275 


JP idle 






A 


276 








A 


277 








A 


278 


; Sigma ai*bi + acc ->> acc 






A 


279 




000000A2 




A 


280 


sigma: 


000000A2 


B744 


A 


281 


MLD @P0:1+,@P0:0+ 


000000A3 


9744 


A 


282 


MPYA@P0:1 + ,@P0:0+ 


000000A4 


9744 


A 


283 


MPYA@P0:1+,@P0:0+ 


000000A5 


9744 


A 


284 


MPYA@P0:1+,@P0:0+ 


000000A6 


9744 


A 


285 


MPYA@P0:1+,@P0:0+ 


000000A7 


9744 


A 


286 


MPYA@P0:1+,@P0:0+ 


000000A8 


9744 


A 


287 


MPYA@P0:1+,@P0:0+ 


000000A9 


9744 


A 


288 


MPYA@P0:1+,@P0:0+ 


OOOOOOAA 


9744 


A 


289 


MPYA@P0:1+,@P0:0+ 


OOOOOOAB 


9744 


A 


290 


MPYA@P0:1+,@P0:0+ 


OOOOOOAC 


9744 


A 


291 


MPYA@P0:1+,@P0:0+ 


OOOOOOAD 


9744 


A 


292 


MPYA@P0:1+,@P0:0+ 


OOOOOOAE 


9744 


A 


293 


MPYA@P0:1+,@P0:0+ 


OOOOOOAF 


9744 


A 


294 


MPYA@P0:1+,@P0:0+ 


OOOOOOBO 


9744 


A 


295 


MPYA@P0:1+,@P0:0+ 


000000B1 


9744 


A 


296 


MPYA@P0:1+,@P0:0+ 


000000B2 


9744 


A 


297 


MPYA@P0:1+,@P0:0+ 


000000B3 


9744 


A 


298 


MPYA@P0:1+,@P0:0+ 


000000B4 


9744 


A 


299 


MPYA@P0:1+,@P0:0+ 


000000B5 


9744 


A 


300 


MPYA@P0:1+,@P0:0+ 


000000B6 


9744 


A 


301 


MPYA@P0:1+,@P0:0+ 


000000B7 


9744 


A 


302 


MPYA@P0:1+,@P0:0+ 


000000B8 


9744 


A 


303 


MPYA@P0:1+,@P0:0+ 


000000B9 


9744 


A 


304 


MPYA@P0:1+,@P0:0+ 


OOOOOOBA 


9744 


A 


305 


MPYA@P0:1+,@P0:0+ 


OOOOOOBB 


9744 


A 


306 


MPYA@P0:1+,@P0:0+ 


OOOOOOBC 


9744 


A 


307 


MPYA@P0:1+,@P0:0+ 


OOOOOOBD 


9744 


A 


308 


MPYA@P0:1+,@P0:0+ 


OOOOOOBE 


9744 


A 


309 


MPYA@P0:1+,@P0:0+ 


OOOOOOBF 


9744 


A 


310 


MPYA@P0:1+,@P0:0+ 


OOOOOOCO 


9744 


A 


311 


MPYA@P0:1+,@P0:0+ 


000000C1 


9784 


A 


312 


MPYA@P0:1-loop,@P0:0+ 


nnnnnnr'o 
UUUUUUU^ 


y /o4 


A 

A 


313 


MPYA @PO:1-IOOp,@PO:0+ 


000000C3 


9784 


A 


314 


MPYA@P0:1-loop,@P0:0+ 


000000C4 


9784 


A 


315 


MPYA@P0:1-loop,@P0:0+ 


000000C5 


9784 


A 


316 


MPYA @P0:1-loop,@P0:0+ 


000000C6 


9784 


A 


317 


MPYA @P0:1-loop,@P0:0+ 


000000C7 


9784 


A 


318 


MPYA @P0:1-loop,@P0:0+ 
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000000C8 


9784 


A 


319 


MPYA @P0 


1-loop,@P0:0+ 




000000C9 


9784 


A 


320 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOCA 


9784 


A 


321 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOCB 


9784 


A 


322 


MPYA @P0 


1-loop,@P0:0+ 




oooooocc 


9784 


A 


323 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOCD 


9784 


A 


324 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOCE 


9784 


A 


325 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOCF 


9784 


A 


326 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODO 


9784 


A 


327 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOD1 


9784 


A 


328 


MPYA @P0 


1-loop,@P0:0+ 




000000D2 


9784 


A 


329 


MPYA @P0 


1-loop,@P0:0+ 




000000D3 


9784 


A 


330 


MPYA @P0 


1-loop,@P0:0+ 




000000D4 


9784 


A 


331 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOD5 


9784 


A 


332 


MPYA @P0 


1-loop,@P0:0+ 




000000D6 


9784 


A 


333 


MPYA @P0 


1-loop,@P0:0+ 




000000D7 


9784 


A 


334 


MPYA @P0 


1-loop,@P0:0+ 




000000D8 


9784 


A 


335 


MPYA @P0 


1-loop,@P0:0+ 




000000D9 


9784 


A 


336 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODA 


9784 


A 


337 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODB 


9784 


A 


338 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODC 


9784 


A 


339 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODD 


9784 


A 


340 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODE 


9784 


A 


341 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOODF 


9784 


A 


342 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOEO 


9784 


A 
A 


343 
344 


MPYA @P0 


1-loop,@P0:0+ 




OOOOOOE1 


8007 


A 


345 


ADD A,P 






000000E2 


0065 


A 
A 


346 
347 


ret 










A 


348 


; Filter Coefficients table 








A 


349 












A 


350 


; Parks-McClellan LPF %500Z/10KHz sampli 








A 


351 








000000E3 




A 


352 


coftop2: 






000000E3 


0028 


A 


353 


DW %0028 






000000E4 


rroo 


A 


354 


DW %FF66 






000000E5 


FF79 


A 


355 


DW %FF79 






000000E6 


FF68 


A 


356 


DW %FF68 






000000E7 


FF5F 


A 


357 


DW %FF5F 






000000E8 


CCCD 

rroD 


A 


358 


DW %FF6B 






000000E9 


FF93 


A 


359 


DW %FF93 






OOOOOOEA 


FFD7 


A 


360 


DW %FFD7 




OOOOOOEB 


0031 


A 


361 


DW %0031 






OOOOOOEC 


0096 


A 


362 


DW %0096 






OOOOOOED 


00F5 


A 


363 


DW %00F5 






OOOOOOEE 


013B 


A 


364 


DW%013B 






OOOOOOEF 


0157 


A 


365 


DW%0157 






OOOOOOFO 


0138 


A 


366 


DW%0138 






OOOOOOF1 


00D9 


A 


367 


DW %00D9 




000000F2 


003D 


A 


368 


DW %003D 






000000F3 


FF74 


A 


369 


DW %FF74 






000000F4 


FE95 


A 


370 


DW %FE95 






000000F5 


FDC7 


A 


371 


DW %FDC7 





<$2iLCE 



Z89C00 
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Dp 


Ivldljl III If OUJc 


i 
■ 


. . 

Line 


Pita* 1 1 acm 
rile. 1 1 .doll) 


000000F6 


FD30 


A 


372 


DW %FD30 


000000F7 


FCFA 


A 


373 


DW %FCFA 


000000F8 


FD46 


A 


374 


DW %FD46 


000000F9 


FE2C 


A 


375 


DW %FE2C 


000000FA 


FFBO 


A 


376 


DW %FFB0 


000000FB 


01 C4 


A 


377 


DW%01C4 


OOOOOOFC 


0448 


A 


378 


DW %0448 


OOOOOOFD 


070A 


A 


379 


DW %070A 


OOOOOOFE 


09CC 


A 


380 


DW %09CC 


OOOOOOFF 


0C4C 


A 


381 


DW %0C4C 


00000100 


0E4A 


A 


382 


DW %0E4A 


00000101 


0F93 


A 


383 


DW %0F93 


00000102 


1004 


A 


384 


DW%1004 


00000103 




A 


385 


endcof2: 


00000103 


0000 


A 


386 


DW %0000 






A 


387 








A 


388 








A 


389 


; Application program 3 here 






A 


390 




00000104 




A 


391 


init3: 






A 


392 


datatop3 EQU %80 






A 


393 


coetfir3 EQU %80 


00000104 


1880 


A 


394 


LD P0:0,#datatop3 


00000105 


1C80 


A 


395 


LDP0:1,#coeffir3 


00000106 


0840 0006 


A 


396 


LD SR,#0006 


00000108 


0D03 011A 


A 


397 


LD D0:1,#coftop3 


000001 OA 


0830 0020 


A 


398 


LD A,#%20 






A 


399 




00000 10C 




A 


400 


demolp3: 


00000 10C 


0B13 


A 


401 


LD X,@D0:1 


00000 10D 


0514 


A 


402 


LD @P0:1+,X 


000001 OE 


3801 


A 


403 


SUBA,#(1 &%ff) 


000001 OF 


4C50 010C 


A 


404 


JP ne,demolp3 






A 


405 








A 


406 




00000111 




A 


407 


prog3: 


000001 1 1 


1C80 


A 


408 


LD P0:1,#coeffir3 


00000112 


4800 00A2 


A 


409 


CALL sigma 


00000114 


4800 01AB 


A 


410 


CALL io 


00000116 


0430 


A 


411 


LD @P0:0,A 






A 


412 


;LD SR,#%0066 ; Toggle P0.P1 






A 


413 


;LD SR,#%0006 ; for scope trigger 






A 


414 




00000117 


9405 


A 


415 


sief 


00000118 


4C00 01A9 


A 


416 


JP idle 






A 


417 








A 


418 








A 


419 


; Filter Coefficients table 






A 


420 








A 


421 


; Kaiser Window LPF %500Z/10KHz sample 






A 


422 




0000011 A 




A 


423 


coftop3: 


0000011 A 


0004 


A 


424 


DW %0004 
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000001 1B 


FFEE 


A 


425 


DW %FFEE 

lj v v /o\ i i — t — 






000001 1C 


FFCF 


A 


426 


DW %FFCF 

I— / » v /oi i v_/i 






0000011 D 


FFB1 


A 


427 


DW %FFB1 






000001 1E 


FF98 


A 


428 


DW %FF98 

UVV /OI l C70 






000001 1F 


FF8F 


A 


429 


DW %FF8F 

LJ V V /OI 1 vjl 






00000120 


FF9D 


A 


430 


DW %FF9D 

lj v v /ui i *_/l/ 






00000121 


FFC5 


A 


431 


DW %FFC5 






00000122 


0005 


A 


432 


DW %0005 






00000123 


005A 


A 


433 


DW %005A 






00000124 


00 B3 


A 


434 


DW %00B3 






00000125 


0101 


A 


435 


DW %0101 

L/ ¥ I /OU L W I 






00000126 


0130 


A 


436 


DW %0130 






00000127 


01 2D 


A 


437 


DW %012D 






00000128 


00 EC 


A 


438 


DW %00FC 






00000129 


006B 


A 


439 


DW %006R 

L/VV /OUUUU 






000001 2 A 


FFB4 


A 


440 


DW %FFR4 

l/vv /or i tJ*r 






00000 12B 


FEDC 


A 


441 


L/VV /OILUO 






00000 12C 


FE05 


A 


442 


ljvv /or luo 






OOOOO 1 ?D 


FD59 


A 


443 


L/VV /OiL/33 






000001 ?F 


FD05 


A 


444 


L/VV /onL/uo 






000001 ?F 

(_/L<wi_/L/ 1 C— I 


FD31 


A 


445 


L/VV /OI L/O 1 






00000 130 


FDFB 


A 


446 


DW %FDFR 

L/VV /0 1 L/l LJ 






00000131 


FF6D 


A 


447 


DW %FFfiD 

L/VV /OI 1 LJ LJ 






0000013? 

W\JL/\JV-/ 1 


01 7E 


A 


448 


DW %017E 






00000133 


0410 


A 


449 


DW %0410 






00000134 

i_"JL«JL» 1 v-/" 


06ED 


A 


450 


DW %06ED 

L/VV /OUvLL/ 






00000135 


09D4 


A 


451 


DW %09D4 






00000136 


0C7B 


A 


452 


DW %0C7B 






00000137 


0E9D 


A 


453 


DW %0E9D 






000001 38 

UUUUU I JO 


0FFE 


A 


454 


DW %0FFE 






00000139 


1079 


A 


455 


DW%1079 






000001 3A 




A 


456 


endcof3: 






00000 13A 


0000 


A 


457 


nw %nnnn 

L/VV /OVJUUL/ 










A 


458 












A 


459 


■ A nnli nation nrnnram A horc> 
, /A|JfJ IIUdLIUI I fJluyJalll 1 licit! 










A 


460 








000001 3R 




A 
A 
A 


461 
462 
463 


init4 - 

datatop4 EQU %80 
rnpffir4 FOI 1 %R0 






000001 3B 


1880 


A 


464 


LD P0 #datator>4 

L L/ 1 yJ ■ VJ j TT ^J CI LCI lUL/^ 






00000 13H 


1C80 


A 


465 


LD P01 #rnpffir4 






000001 3D 


0840 OOOfi 


A 


466 


LD "?R #%0006 

I 1 J OI 1 , TT /OUUuU 






000001 3F 


0D03 0151 


A 


467 


LD D0 1 #roftor>4 

1 L/ L/L/- 1 , TT V_y w 1 W f 






00000141 


0830 0020 


A 
A 


468 
469 


LD A,#%20 






UUUUU 1 HO 




A 


470 


Hpmriln4 ■ 

LJ CI 1 ILJIlJ^r. 






00000143 


0B13 


A 


471 


LDX,@D0:1 






00000144 


0514 


A 


472 


LD @P0:1+,X 






00000145 


3801 


A 


473 


SUB A,#(1 &%ff) 






00000146 


4C50 0143 


A 


474 


JP ne,demolp4 










A 


475 












A 


476 








00000148 




A 


477 


prog4: 
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Z89C00 
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PC 


IVIdOIIIIIC uuuc 


i 
■ 


Lin© 


Pile t1 Qcm 
rile. L I .dolil 


nnnnn h /io 
(JUUUU 14o 


Tool) 


A 

A 


478 


LL> rU:1 ,#coenir4 


00000149 


4800 00A2 


A 


479 


CALL Sigma 


00000 14B 


4800 01 AB 


A 


480 


CALL io 


000001 4D 


0430 


A 


481 


LD @P0:0,A 






A 


482 


;LD SR,#%0066 ; Toggle P0.P1 






A 
A 


483 
484 


;LDSR,#%0006 ; for scope trigger 






A 


485 




00000 14E 


9405 


A 


486 


sief 


00000 14F 


4C00 01A9 


A 


487 


JP idle 






A 


488 








A 


489 








A 


490 


; Filter Coefficients table 






A 


491 








A 


492 


;Kaiser Window Band Stop %400Z-loop%1 100Z/10 kHz sample 






A 


493 




00000151 




A 


494 


coftop4: 


00000151 


FFE5 


A 


495 


DW %FFE5 


00000152 


0000 


A 


496 


DW %0000 


00000153 


002D 


A 


497 


DW %002D 


00000154 


0061 


A 


498 


DW %0061 


00000155 


0088 


A 


499 


DW %0088 


00000156 


0090 


A 


500 


DW %0090 


00000157 


006F 


A 


501 


DW %006F 


00000158 


002F 


A 


502 


DW %002F 


00000159 


FFEB 


A 


503 


DW %FFEB 


00000 15A 


FFC0 


A 


504 


DW %FFC0 


000001 5B 


FFC7 


A 


505 


DW %FFC7 


00000 15C 


0000 


A 


506 


DW %0000 


000001 5D 


004B 


A 


507 


DW %004B 


000001 5E 


0070 


A 


508 


DW %0070 


000001 5F 


0032 


A 


509 


DW %0032 


00000160 


FF6F 


A 


510 


DW %FF6F 


00000161 


FE3A 


A 


511 


DW %FE3A 


00000162 


FCE7 


A 


512 


DW %FCE7 


00000163 


FBFB 


A 


513 


DW %FBFB 


00000164 


FC02 


A 


514 


DW %FC02 


00000165 


FD5A 


A 


515 


DW %FD5A 


00000166 


0000 


A 


516 


DW %0000 


00000167 


037D 


A 


517 


DW %037D 


00000168 


06F2 


A 


518 


DW %06F2 


00000169 


0954 


A 


519 


DW %0954 


00000 16A 


09BE 


A 


520 


DW %09BE 


000001 6B 


07BF 


A 


521 


DW %07BF 


00000 16C 


0393 


A 


522 


DW %0393 


00000 16D 


FE1D 


A 


523 


DW %FE1D 


00000 16E 


F8B2 


A 


524 


DW %F8B2 


00000 16F 


F4BB 


A 


525 


DW %F4BB 


00000170 


7289 


A 


526 


DW %7289 


00000171 




A 


527 


endcof4: 


00000171 


0000 


A 


528 


DW %0000 






A 


529 








A 


530 


; Application program 5 here 
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1 inp 


Pile t1 a cm 
r lltr. 1 I .dol 1 1 














A 


531 












00000172 




A 
A 
A 


532 
533 
534 


init5: 

datatop5 EQU %80 
coeffir5 EQU %80 










00000172 


1880 


A 


535 


LD P0:0,#datatop5 










00000173 


1C80 


A 


536 


LD P0:1,#coeffir5 










00000174 


0840 0006 


A 


537 


LD SR,#%0006 










00000176 


0D03 0188 


A 


538 


LD D0:1,#coftop5 










00000178 


0830 0020 


A 
A 


539 
540 


LD A,#%20 










000001 7A 




A 


541 


demolp5: 










00000 17A 


0B13 


A 


542 


LDX,@D0:1 










000001 7B 


0514 


A 


543 


LD @P0:1+,X 










00000 17C 


3801 


A 


544 


SUBA,#(1 &%ff) 










00000 17D 


4C50 017A 


A 
A 


545 
546 


JP ne,demolp5 










000001 7F 




A 


547 


prog5: 










00000 17F 


1C80 


A 


548 


LD P0:1,#coeffir5 










00000180 


4800 00A2 


A 


549 


CALL sigma 










00000182 


4800 01 AB 


A 


550 


CALL io 










00000184 


0430 


A 


551 


LD @P0:0,A 














A 


552 


;LD SR,#%0066 ; Toggle P0.P1 












A 


553 


;LD SR,#%0006 ; for scope trigger 












A 


554 












00000185 


9405 


A 


555 


sief 










00000186 


4C00 01A9 


A 
A 
A 
A 
A 


556 
557 
558 
559 
560 


JP idle 

; Filter Coefficients table 














A 


561 


; Kaiser Window HPF %500Z/10KHz sample 












A 


562 












00000188 




A 


563 


coftop5: 










00000188 


FFFE 


A 


564 


DW %FFFE 










00000189 


oooc 


A 


565 


DW %000C 










00000 18A 


0021 


A 


566 


DW %0021 










000001 8B 


0039 


A 


567 


DW %0039 










00000 18C 


004D 


A 


568 


DW %004D 










000001 8D 


0057 


A 


569 


DW %0057 










000001 8E 


004E 


A 


570 


DW %004E 










000001 8F 


0030 


A 


571 


DW %0030 










00000190 


FFFC 


A 


572 


DW %FFFC 










00000191 


FFB4 


A 


573 


DW %FFB4 










00000192 


FF66 


A 


574 


DW %FF66 










00000193 


FF1F 


A 


575 


DW %FF1F 










00000194 


FEF2 


A 


576 


DW %FEF2 










00000195 


FEF1 


A 


577 


DW %FEF1 










00000196 


FF28 


A 


578 


DW %FF28 










00000197 


FF9D 


A 


579 


DW %FF9D 










00000198 


0047 


A 


580 


DW %0047 










00000199 


0114 


A 


581 


DW%0114 










00000 19A 


01 E3 


A 


582 


DW%01E3 










000001 9B 


028C 


A 


583 


DW %028C 
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000001 9C 


02E2 


A 


584 


DW %02E2 


000001 9D 


02BC 


A 


585 


DW %02BC 


000001 9E 


01 FA 


A 


586 


DW%01FA 


000001 9F 


0090 


A 


587 


DW %0090 


000001 AO 


FE86 


A 


588 


DW %FE86 


000001A1 


FBF7 


A 


589 


DW %FBF7 


00000 1A2 


F919 


A 


590 


DW%F919 


000001 A3 


F62D 


A 


591 


DW %F62D 


00000 1A4 


F380 


A 


592 


DW %F380 


00000 1A5 


F157 


A 


593 


DW%F157 


00000 1A6 


EFF1 


A 


594 


DW %EFF1 


00000 1A7 


6EB8 


A 


595 


DW %6EB8 


00000 1A8 




A 


596 


endcof5: 


00000 1A8 


0000 


A 


597 


DW %0000 






A 


598 








A 


599 




00000 1A9 




A 


600 


idle: ;WAIT FOR NEXT INTERRUPT 


00000 1A9 


4C00 01A9 


A 


601 


JP idle 






A 


602 








A 


603 








A 


604 








A 


605 


; IO routine 






A 


606 








A 


607 




00000 1AB 




A 


608 


io: FORMALIZE INTEGER DATA TO 


00000 1AB 


E800 8000 


A 


609 


XOR A,#%8000 .FRACTIONAL DATA 


000001AD 


0083 


A 


610 


LD EXT0.A ;OUTPUT DATA TO DAC 


000001AE 


0039 


A 


611 


LDA.EXT1 ;INPUT DATA FROM ADC 


00000 1AF 


E800 8000 


A 


612 


XOR A,#%8000 ;DE-NORMALIZE 


000001 B1 


A800 FFOO 


A 


613 


AND A,#%ff00 ;ZERO LOWER 8 BITS 


000001 B3 


0065 


A 


614 


ret 






A 


615 








A 


616 








A 


617 








A 


618 


; Sin Routine 






A 


619 


; Get sin(pi*@A » D0:0 






A 


620 


; cos(pi*@A » D1:0 






A 


621 




000001 B4 




A 


622 


sincos: 


000001 B4 


0433 


A 


623 


LD D0:0,A 


000001 B5 


0810 0020 


A 


624 


LD X,#%20 


000001 B7 


0023 


A 


625 


LD Y,A 


000001 B8 


0037 


A 


626 


LD A,P 


000001 B9 


B83F 


A 


627 


AND A,#(%3f & %ff) 


000001 BA 


8800 01 D4 


A 


628 


ADD A,#tbltop 






A 


629 




00000 1BC 


4A10 


A 


630 


LD X,@A 


000001 BD 


0417 


A 


631 


LD D1:0,X 


000001 BE 


9810 


A 


632 


ADD A,#(%10&%ff) 


000001 BF 


4A10 


A 


633 


LD X,@A 


000001 CO 


041 B 


A 


634 


LD D2:0,X 


000001 C1 


0233 


A 


635 


LD A,D0:0 


000001 C2 


A800 03FF 


A 


636 


AND A,#%3ff 
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A 


637 












000001 C4 


9003 


A 


638 


SLL A 










00000 1C5 


9003 


A 


639 


SLL A 










00000 1C6 


0023 


A 


640 


LD Y,A 










000001 C7 


0810 6487 


A 


641 


LD X,#%6487 










000001 C9 


0037 


A 


642 


LD A,P 










00000 1CA 


A437 


A 


643 


MLD A,D1:0,OFF 










000001 CB 


023 B 


A 


644 


LD A,D2:0 










00000 1CC 


2007 


A 


645 


SUB A,P 










000001 CD 


0053 


A 


646 


PUSH A 










000001 CE 


021 B 


A 


647 


LD X,D2:0 










r\r\r\r\r\ h /tt 

UUUUUIOr 


0237 


A 


648 


LD A,D1:0 










000001 DO 


8007 


A 


649 


ADD A,P 










000001 D1 


0437 


A 


650 


LD D1 :0,A 










000001 D2 


045 B 


A 


651 


POP D2:0 










000001 D3 


0065 


A 
A 


652 
653 


ret 










000001 D4 




A 


654 


tbltop: 










00000 1D4 


0000 


A 


655 


dw %0000 










00000 1D5 


0C41 


A 


656 


dw %0c41 










00000 1D6 


1863 


A 


657 


dw %1863 










000001 D7 


2449 


A 


658 


dw %2449 










000001 D8 


2FD6 


A 


659 


dw %2fd6 










000001 D9 


3AED 


A 


660 


dw %3aed 










000001 DA 


4572 


A 


661 


dw %4572 










000001 DB 


4F4D 


A 


662 


dw %4f4d 










000001 DC 


5863 


A 


663 


dw %5863 










000001 DD 


60AO 


A 


664 


dw %60a0 










000001 DE 


67EF 


A 


665 


dw %67ef 










000001 DF 


6E3D 


A 


666 


dw %6e3d 










000001 E0 


737C 


A 


667 


dw %737c 










000001 E1 


779E 


A 


668 


dw %779e 










000001 E2 


7A99 


A 


669 


dw %7a99 










000001 E3 


7C66 


A 


670 


dw %7c66 










000001 E4 


7D00 


A 


671 


dw %7d00 










000001 E5 


7C66 


A 


672 


dw %7c66 










00000 1E6 


7A99 


A 


673 


dw %7a99 










000001 E7 


779E 


A 


674 


dw %779e 










000001 E8 


737C 


A 


675 


dw %737c 










000001 E9 


6E3E 


A 


676 


dw %6e3e 










000001 EA 


67EF 


A 


677 


dw %67ef 










000001 EB 


60A0 


A 


678 


dw %60a0 










000001 EC 


5863 


A 


679 


dw %5863 










000001 ED 


4F4D 


A 


680 


dw %4f4d 










000001 EE 


4572 


A 


681 


dw %4572 










000001 EF 


3AED 


A 


682 


dw %3aed 










000001 F0 


2FD6 


A 


683 


dw %2fd6 










000001 F1 


2449 


A 


684 


dw %2449 










00000 1F2 


1863 


A 


685 


dw%1863 










000001 F3 


0C41 


A 


686 


dw %0c41 










000001 F4 


0000 


A 


687 


dw %0000 










000001 F5 


F3C0 


A 


688 


dw %f3o0 










000001 F6 


E79D 


A 


689 


dw %e79d 
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00000 1F7 


DBB7 


A 


690 


dw %dbb7 


00000 1F8 


D02A 


A 


691 


dw %d02a 


00000 1F9 


C513 


A 


692 


dw%c513 


000001 FA 


BA8E 


A 


693 


dw %ba8e 


000001 FB 


B0B3 


A 


694 


dw %b0b3 


00000 1FC 


A79D 


A 


695 


dw %a79d 


000001 FD 


9F60 


A 


696 


dw %9f60 


000001 FE 


9811 


A 


697 


dw %981 1 


000001 FF 


91 C3 


A 


698 


dw %91c3 


00000200 


8C84 


A 


699 


dw %8o84 


00000201 


8862 


A 


700 


dw %8862 


00000202 


8567 


A 


701 


dw %8567 


00000203 


839A 


A 


702 


dw %839a 


00000204 


8300 


A 


703 


dw %8300 


00000205 


839A 


A 


704 


dw %839a 


00000206 


8567 


A 


705 


dw %8567 


00000207 


8862 


A 


706 


dw %8862 


00000208 


8C84 


A 


707 


dw %8c84 


00000209 


91 C2 


A 


708 


dw %91c2 


0000020A 


9811 


A 


709 


dw %9811 


0000020B 


9F60 


A 


710 


dw %9f60 


0000020C 


A79C 


A 


71 1 


dw %a79c 


0000020D 


B0B3 


A 


712 


dw %b0b3 


0000020E 


BA8E 


A 


713 


dw %ba8e 


0000020F 


C513 


A 


714 


dw%c513 


00000210 


D02A 


A 


715 


dw %d02a 


0000021 1 


DBB7 


A 


716 


dw %dbb7 


00000212 


E79D 


A 


717 


dw %e79d 


00000213 


F3BF 


A 


718 


dw %f3bf 


00000214 


0000 


A 


719 


dw %0000 


00000215 


0C41 


A 


720 


dw %0c41 


00000216 


1863 


A 


721 


dw%1863 


00000217 


2449 


A 


722 


dw %2449 


00000218 


2FD6 


A 


723 


dw %2fd6 


00000219 


3AED 


A 


724 


dw %3aed 


0000021 A 


4572 


A 


725 


dw %4572 


0000021 B 


4F4D 


A 


726 


dw %4f4d 


0000021 C 


5863 


A 


727 


dw %5863 


0000021 D 


60A0 


A 


728 


dw %60a0 


0000021 E 


67EF 


A 


729 


dw %67ef 


0000021 F 


6E3D 


A 


730 


dw %6e3d 


00000220 


737C 


A 


731 


dw %737c 


00000221 


779E 


A 


732 


dw %779e 


00000222 


7A99 


A 


733 


dw %7a99 


00000223 


7C66 


A 


734 


dw %7c66 


00000224 


7D00 


A 


735 


dw %7d00 






A 


736 








A 


737 








A 


738 


; RESET/INT 






A 


739 




00000FFC 




A 


740 


org %0FFC 


OOOOOFFC 


0000 


A 


741 


dw %0000 


OOOOOFFD 


0012 


A 


742 


dw intin 


OOOOOFFE 


0012 


A 


743 


dw intin 


OOOOOFFF 


0012 


A 


744 


dw intin 



; RESET/INTERRUPT VECTORS AT TOP OF 4K 



RESET VECTOR 
INTERRUPT 2 
INTERRUPT 1 
INTERRUPT 
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1 


,Cooley-Tukey Radix-2, DIF in place FFT Program for the 








A 


2 


;Z89C0010VSC 












A 


3 














A 


4 


;Single FFT butterfly. 










A 


5 


;Complex input 


data - sizf 


i limited only by program memory 








A 


6 


;availability. 












A 


7 


;Uses table lookup of the twiddle factors. 








A 


8 


;No scaling is done on intermediate values in the program. 








A 


9 


;Data in the internal RAM assumes complex data with 








A 


10 


;corresponding 


real and imaginary data values in consecutive 








A 


11 


.locations. 












A 
A 


it 














A 


13 


;N is the size of the transform. N = 2**M. 








A 


14 


N EQU 


64 


64 POINT FFT REQUIRES 








A 


15 


M EQU 


6 


128 WORDS OF MEMORY 








A 


16 














A 
A 


17 


; Data Memory Allocation. 








A 


18 
19 


XI EQU 


%4 


Array value X(l) 








A 


20 


Yl EQU 


%5 


Array value Y(l) 








A 


21 


XL EQU 


%6 


Array value X(L) 








A 


22 


YL EQU 


%7 


Array value Y(L) 








A 


23 


XT EQU 


%8 


Temporary - real part 








A 


24 


YT EQU 


%9 


Temporary - imaginary part 








A 


25 


I EQU %a 


; 1st index 








A 


26 


L EQU 


%b 


2nd index 








A 


27 


COS EQU 


%c 


Twiddle factor - real part 








A 


28 


SIN EQU 


%d 


Twiddle factor - imaginary part 








A 


29 


IA EQU 


%e ; Index to twiddle factors 








A 


30 


IE EQU 


%f ; Increment to IA 








A 


31 


HOLDN EQU 


%10 ; Contains value N 








A 


32 


QRTN EQU 


%1 1 : Contains value N/4 








A 


33 


N1 EQU 


%12 ; Increment to I. 








A 


34 


N2 EQU 


%13 ; Separation of I and L 








A 


35 


J EQU 


%14 


Loop counter 








A 


36 


ONE EQU 


%15 


Contains value 1 








A 


37 


TABLE EQU 


%16 ; Location of coefficient table 








A 


38 














A 


39 


; PROGRAM STARTS HERE 








A 


40 










00000000 




A 


41 


START: 








00000000 


0830 0001 


A 


42 


LD A,#1 








00000002 


0E15 


A 


43 


LD ONE.A 


Initialize IE = 1 




00000003 


OEOF 


A 


44 


LD IE,A 








00000004 


0830 00C7 


A 


45 


LD A,#SINE 


SAVE SINE TABLE ADDRESS 




00000006 


0E16 


A 


46 


LD TABLE.A 






00000007 


0830 0040 


A 


47 


LD A,#N 








00000009 


0E10 


A 


48 


LD HOLDN.A 


Holdn = N 




0000000A 


0E13 


A 


49 


LD N2,A 


; Initialize N2 = N 




OOOOOOOB 


9002 


A 


50 


SRA A 








OOOOOOOC 


9002 


A 


51 


SRA A 








OOOOOOOD 


0E11 


A 


52 


LD QRTN.A 


QRTN = N/4 




OOOOOOOE 


1A05 


A 


53 


LD P2:0,#M-1 


P2:0 CONTAINS KLOOP 





SLOB 



Z89C00 
User Manual 



PC 


Machine Code 


1 


Line 


File: Tl.asm 








A 

A 


54 


;C0UNTER 




UUUUUUUr 




A 

A 


EG 
00 


KLOOP: 






OOOOOOOF 


0613 


A 


56 


LD 


A.N2 




00000010 


0E12 


A 


57 


LD 


N1,A 


; N1 = N2 


UUUUUU 1 1 


nnno 

yuu^ 


A 
A 


CO 
Ob 


SRA 


A 




UUUUUU l 


nci o 
Utlo 


A 

A 


CO 

oy 


LD 


N2,A 


■ MO MO/O 

; rid = Nd/d 


UUUUUU lo 


cnno 
tUUo 


A 


fin 

DU 


XOR 


A,A 


;CLEAR A 


0UUUUU14 


ncnc 
UtUt 


A 


bl 


LD 


IA,A 




nnnnnm c 
UUUUUU To 


Ut 14 


A 

A 

A 


c-o 

Od 

c-Q 


LD 


J,A 




UUUUUU lb 


Oolo 


A 

A 

A 


DO 
D4 


LD 


A,N2 




0UUUUO1 f 


H COO 

1532 


A 

A 


bo 


LD 


P2:1,A 


;P2:1 CONTAINS J VALUE 


UUUUUU lo 


030A 


A 

A 


bb 


LD 


BUS,@P2:1-LOOP ; Start at N2-1 


uuuuuu iy 




A 

A 


Of 


JLOOP: 






uuuuuu iy 


Uolb 


A 

A 


CO 

bo 


LD 


A TABLE 


• Tahld iq fi HI Qi7P 


UUUUUU 1 A 


OOOt 


A 

A 


by 


ADD 


A IA 




UUUUUU 1 b 


180D 


A 

A 


7n 


LD 


P0 #SIN 




nnnnnn i /"^ 
UUUUUU lU 


4A10 


A 

A 


7H 

1 \ 


LD 


X,@A 




UUUOUU ID 


0410 


A 

A 


72 


LD 




■ fnfat twiHHIp fantnro. 

, ucl IWIUUIC IdUlUlo 


000000 1E 


861 1 


A 


73 


ADD 


A ORTN 




0000001 r 


180C 


A 

A 


74 


LD 


PO O #00^ 




00000020 


4A10 


A 


75 


LD 


X @A 




00000021 


0410 


A 


76 


LD 






00000022 


060E 


A 


77 


LD 






00000023 


860F 


A 


78 


ADD 


A IF 




00000024 


0E0E 


A 


79 


LD 


IA A 


• IA — IA j£ IF 
, lr\ — lr\ + IC 


00000025 


0614 


A 


80 


LD 


A 1 

r\,ij 


, I — J ^Uala Ui Ljal HZUU do leal 


00000026 


9003 


A 


81 


SLL 


A 
M 


jVcllUc lUIIUWcu Uy II 1 lay II Idly oU 


/~s^/~\nnnn*T 

00000027 


0E0A 


A 


82 


LD 


1 A 
l,M 


.address i is d nmes o). 






A 


83 






0U000U2o 




A 


84 


ILOOP: 






nnnnnnoo 
UUUUUU^o 


060A 


A 

A 


oc 
bb 


LD 


A,l 




uuuuuu^y 


04JJ 


A 

A 


oc 
ob 


LD 


D0:0,A 




UUUUUU^A 


nci o 
OOld 


A 

A 


0"7 

of 


LD 


A,N2 




nnnnnnoo 
UUUUUU^b 


9003 


A 

A 


oo 
oo 


SLL 


A 




nnnnnnop 
UUUUUU^O 


Qono 
0203 


A 

A 


on 

by 


ADD 


A,D0:0 


; L = 1 + N2 


nnnnnnon 
UUUUUU d u 


ncnD 
OEOd 


A 

A 


90 


LD 


L,A 








A 

A 


91 








0000002E 


060A 


A 


92 


LD 


A,l 


;READ AND WRITE TO 


UUU00U2r 


1530 


A 

A 


93 


LD 


P0:1,A 


INTERNAL RAMI 


00000030 


0334 


A 


94 


LD 


A,@P0:1 + 




00000031 


0E04 


A 


95 


LD 


XI, A 




00000032 


0334 


A 


96 


LD 


A,@P0:1 + 




00000033 


0E05 


A 


97 


LD 


YI,A 




00000034 


060B 


A 

A 


98 


LD 


A,L 




UUUUUUoO 


-t con 


A 

A 


yy 


LD 


P0:1,A 




UUUUUUOO 


noo/i 
Uoo4 


A 


l uu 


LD 


A,@P0:1 + 




00000037 


0E06 


A 


101 


LD 


XL.A 




00000038 


0334 


A 


102 


LD 


A,@P0:1 + 




00000039 


0E07 


A 


103 


LD 


YL.A 








A 


104 












A 


105 


; Compute butterfly. 








A 


106 
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0000003A 


0604 


A 


107 


LD 


A,XI 




0000003B 


2606 


A 


108 


SUB 


A.XL 




0000003C 


0E08 


A 


109 


LD 


XT,A 


;XT = XI-XL 


0000003D 


0433 


A 


110 


LD 


D0:0,A 




0000003E 


0606 


A 


111 


LD 


A, XL 




0000003F 


9003 


A 


112 


SLL 


A 




00000040 


8203 


A 


113 


ADD 


A,D0:0 




00000041 


0E04 


A 


114 


LD 


XI,A 


; XI = XI + XL 


00000042 


0605 


A 


115 


LD 


A,YI 




00000043 


2607 


A 


116 


SUB 


A,YL 


; YT = Yl - YL 


00000044 


0E09 


A 


117 


LD 


YT,A 


00000045 


0433 


A 


118 


LD 


D0:0,A 




00000046 


0607 


A 


119 


LD 


A,YL 


00000047 


9003 


A 


120 


SLL 


A 




00000048 


8203 


A 


121 


ADD 


A,D0:0 




00000049 


0E05 


A 


122 


LD 


YI.A 


; Yl = Yl + YL 


0000004A 


180C 


A 


123 


LD 


P0:0,#COS 




0000004B 


0220 


A 


124 


LD 


Y,@P0:0 




0000004C 


1809 


A 


125 


LD 


P0:0,#YT 




0000004D 


A520 


A 


126 


MLD 


Y,@P0:0,ON 




0000004E 


180D 


A 


127 


LD 


P0:0,#SIN 




0000004F 


0220 


A 


128 


LD 


Y,@P0:0 




00000050 


1808 


A 


129 


LD 


P0:0,#XT 




00000051 


8520 


A 


130 


MPYA 


Y,@P0:0,ON 




00000052 


1809 


A 


131 


LD 


P0:0,#YT 




00000053 


2520 


A 


132 


MPYS 


Y,@P0:0,ON 




00000054 


0E07 


A 


133 


LD 


YL,A ; YL = 


COS'YT - SIN'XT 


00000055 


180C 


A 


134 


LD 


P0:0,#COS 




00000056 


0220 


A 


135 


LD 


Y,@P0:0 




00000057 


1808 


A 


136 


LD 


P0:0,#XT 




00000058 


0830 0000 


A 


137 


LD 


A,#0 




0000005A 


8520 


A 


138 


MPYA 


Y,'@P0:0,ON 






8007 


A 


139 


ADD 


A,P 




0000005C 


0E06 


A 


140 


LD 


XL,A ; XL = 


COS'XT + SIN*YT 






A 


141 












A 


142 


; Output results of the butterfly. 






A 


143 








0000005D 


060A 


A 


144 


LD 


A, I 


;READ AND WRITE TO 










LD 


P0:1,A 


;INT 


0000005E 


0604 


A 


145 


LD 


A,XI 




0000005F 


0534 


A 


146 


LD 


@P0:1+,A 




00000060 


0605 


A 


147 


LD 


A,YI 




00000061 


0534 


A 


148 


LD 


@P0:1+,A 




00000062 


060B 


A 


149 


LD 


A,L 




00000063 


1530 


A 


150 


LD 


P0:1,A 




00000064 


0606 


A 


151 


LD 


A,XL 




UUUUUUUJ 


0534 


^ 


152 


LD 


@P0:1+,A 




00000066 


0607 


A 


153 


LD 


A,YL 




00000067 


0534 


A 


154 


LD 


@P0:1+,A 








A 


155 












A 


156 


; Add increment for next loop. 






A 


157 








00000068 


060A 


A 


158 


LD 


A, I 




00000069 


0433 


A 


159 


LD 


D0:0,A 
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<§>2iL0E 



Z89C00 
User Manual 



PC A 





000 


00 






A 





006 


3 






A 






I + 


N1000 


06D0E0A 


A 





000 


37 






A 


A 


000 





10 




A 


D 


00 





003 




A 





007 


3 






A 


A 


000 





37 




A 





000 


2 


03 




A 






e I 


< N00 


00744D70002 


A 170 





p 6 


76 


0614 




A 





000 


15 






A 


E 




+ 


0000 


78 0E14 


A 





doo 


32 






A 


1 


000 


C 


03 




A 




ET 





000 


B030A 


A 


P 


: 1 - 


; D 


C P2: 10000007 4C50 001 


A 177 





P 


7E 


060F 




A 





000 


00 






A 





008 


F 






A 




IE 




E00 


0081 1232 


A 





000 


C 


03 




A 




ET 





000 


3 020A 


A 


p 


:0- 


i D 


C P2: 00000008 4C50 000 


A 184 





P 










r 


e c 


unter for radix-2 FFT computation. 




8 


EO 


3 






A 




CLE 


000 


008 


OEOB 


A 





000 


OA 






A 





000 


10 






A 


D 


00 


A 


432 




A 


A 






to N 


0000008B 020A 


A 


P 


:0- 


; D 


C P2:00000008 020A 


A 


P 


:0- 


00 


0008D 









8D 


60B 






A 




If 


L. 


hen 


\*a|in]0006E4C700CA 


A 198 JP PL, 


S 


AP 










va 


ues.00000090 060A 




A 


D 


AND 


m 


TE 


LD P0:1,A 








00 


091 03 




A 




+ 


92 


0E04 




A 




000 


33 






A 




+ 


94 


0E05 




A 





000 


60 






A 





000 


30 






A 


A 


000 





34 




A 




+ 


98 


0E06 




A 





000 


33 






A 




+ 


9A 


0E07 




A 

















OB 








A 


c 


Mas 


Co 


e I 
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PC 


Machine Code 


I 
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File: T1. 


asm 






0000009C 


1530 


A 


213 


LD 


P0:1,A 






0000009D 


0604 


A 


214 


LD 


A,XI 






0000009E 


0534 


A 


215 


LD 


@P0:1+,A 






0000009F 


0605 


A 


216 


LD 


A,YI 






OOOOOOAO 


0534 


A 


217 


LD 


@P0:1+,A 






OOOOOOA1 


060A 


A 


218 


LD 


A, I 






000000A2 


1530 


A 


219 


LD 


P0:1,A 






000000A3 


0606 


A 


220 


LD 


A,XL 






000000A4 


0534 


A 


221 


LD 


@P0:1+,A 






000000A5 


0607 


A 


222 


LD 


A.YL 






000000A6 


0534 


A 
A 


223 
224 


LD 


@P0:1+,A 






000000A7 




A 


225 


NOSWAP: 






000000A7 


0610 


A 


226 


LD 


A.HOLDN 






000000A8 


0E14 


A 


227 


LD 


J,A 


; J = N 




000000A9 




A 


228 


INLOOP: 






000000A9 


060B 


A 


229 


LD 


A,L 






OOOOOOAA 


2614 


A 


230 


SUB 


A,J 


; If L >= J then 




OOOOOOAB 


4D70 00B3 


A 


231 


JP 


MI.OUTL 






OOOOOOAD 


OEOB 


A 


232 


LD 


L,A 


;L = L-J 




OOOOOOAE 


0614 


A 


233 


LD 


A,J 






OOOOOOAF 


9002 


A 


234 


SRA 


A 






OOOOOOBO 


OEM 


A 


235 


LD 


J,A ; J = J/2. 




OOOOOOB1 


4C00 00A9 


A 


236 


JP 


INLOOP 






000000B3 




A 


237 


OUTL: 








OOOO00B3 


0433 


A 


238 


LD 


D0:0,A 






00OO0OB4 


0614 


A 


239 


LD 


A,J 






000000B5 


9003 


A 


240 


SLL 


A 






000000B6 


8203 


A 


241 


ADD 


A,D0:0 






000000B7 


OEOB 


A 


242 


LD 


L,A 


; L = L + J 




000000B8 


060A 


A 


243 


LD 


A J 






000000B9 


0433 


A 


244 


LD 


D0:0,A 






OOOOOOBA 


0615 


A 


245 


LD 


A.ONE 






OOOOOOBB 


9003 


A 


246 


SLL 


A 






OOOOOOBC 


8203 


A 


247 


ADD 


A,D0:0 






OOOOOOBD 


OEOA 


A 


248 


LD 


l,A 


; Increment I 




OOOOOOBE 


0433 


A 


249 


LD 


DO:0,A 






OOOOOOBF 


1232 


A 


250 


LD 


A,P2:0 






OOOOOOCO 


020A 


A 


251 


LD 


BUS,@P2:0-LOOP :DEC P2:0 




OOOOOOC1 


C003 


A 


252 


OR 


A,A 


;SET FLAGS 




000000C2 


0233 


A 


253 


LD 


A,D0:0 






000000C3 


4C50 008D 


A 
A 


254 
255 


JP 


NZ.DRLOOP 










A 


256 


; FFT complete. 










A 


257 










000000C5 


4C00 00C5 


A 
A 


258 
259 


FIN: 


JP FIN 










A 


260 


; Coefficient table (size of table is 3n/4). 








A 


261 










000000C7 




A 


262 


SINE: 








000000C7 


0000 


A 


263 


DW 









000000C8 


00C9 


A 


264 


DW 


201 






000000C9 


0192 


A 


265 


DW 


402 









Machine* PnHo 


1 

1 


Lin6 


File: T1 .asm 


000000CA 


025B 


A 


266 


DW 


603 


000000CB 


0324 


A 


267 


DW 


804 


oooooocc 


03ED 


A 


268 


DW 


1005 


000000CD 


04B6 


A 


269 


DW 


1206 


000000CE 


057F 


A 


270 


DW 


1407 


000000CF 


0648 


A 


271 


DW 


1608 


000000D0 


0711 


A 


272 


DW 


1809 


000000D1 


07D9 


A 


273 


DW 


2009 


000000D2 


08A2 


A 


274 


DW 


2210 


000000D3 


096A 


A 


275 


DW 


2410 


000000D4 


0A33 


A 


276 


DW 


2611 


000000D5 


OAFB 


A 


277 


DW 


2811 


000000D6 


0BC4 


A 


278 


DW 


3012 


000000D7 


0C8C 


A 


279 


DW 


3212 


000000D8 


0D54 


A 


280 


DW 


3412 


000000D9 


0E1C 


A 


281 


DW 


3612 


OOOOOODA 


0EE3 


A 


282 


DW 


3811 


000000DB 


OFAB 


A 


283 


DW 


4011 


OOOOOODC 


1072 


A 


284 


DW 


4210 


OOOOOODD 


113A 


A 


285 


DW 


4410 


OOOOOODE 


1201 


A 


286 


DW 


4609 


OOOOOODF 


12C8 


A 


287 


DW 


4808 


OOOOOOEO 


138F 


A 


288 


DW 


5007 


OOOOOOE1 


1455 


A 


289 


DW 


5205 


000000E2 


151C 


A 


290 


DW 


5404 


000000E3 


15E2 


A 


291 


DW 


5602 


000000E4 


16A8 


A 


292 


DW 


5800 


000000E5 


176E 


A 


293 


DW 


5998 


000000E6 


1833 


A 


294 


DW 


6195 


000000E7 


18F9 


A 


295 


DW 


6393 


000000E8 


19BE 


A 


296 


DW 


6590 


000000E9 


1A82 


A 


297 


DW 


6786 


000000EA 


1B47 


A 


298 


DW 


6983 


OOOOOOEB 


1C0B 


A 


299 


DW 


7179 


OOOOOOEC 


1CCF 


A 


300 


DW 


7375 


OOOOOOED 


1D93 


A 


301 


DW 


7571 


OOOOOOEE 


1E57 


A 


302 


DW 


7767 


OOOOOOEF 


1F1A 


A 


303 


DW 


7962 


OOOOOOFO 


1FDD 


A 


304 


DW 


8157 


OOOOOOF1 


209F 


A 


305 


DW 


8351 


000000F2 


2161 


A 


306 


DW 


8545 


000000F3 


2223 


A 


307 


DW 


8739 


000000F4 


22E5 


A 


308 


DW 


8933 


000000F5 


23A6 


A 


309 


DW 


9126 


000000F6 


2467 


A 


310 


DW 


9319 


000000F7 


2528 


A 


311 


n\A/ 
uvv 


yo \ £ 


000000F8 


25 E8 


A 


312 


DW 


9704 


000000F9 


26A8 


A 


313 


DW 


9896 


OOOOOOFA 


2767 


A 


314 


DW 


10087 


OOOOOOFB 


2826 


A 


315 


DW 


10278 


OOOOOOFC 


28E5 


A 


316 


DW 


10469 


OOOOOOFD 


29A3 


A 


317 


DW 


10659 


OOOOOOFE 


2A61 


A 


318 


DW 


10849 
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OOOOOOFF 


2B1F 


A 


319 


DW 


11039 










000OO1OO 


2BDC 


A 


320 


DW 


11228 










00000101 


2C99 




Oc. I 


DW 


11417 










00000 1 0? 


2D55 


A 


999 


DW 


11605 










nnnnm rn 

UUUUU 1 wo 


9F1 1 


A 
M 


999 
O£o 


DW 


11793 










nnnnnin4 


PFPP 


A 


994 


DW 


11980 












9FR7 


A 


99R 
o^o 


DW 


12167 










nnnnn 1 or 

UUUUU I uo 


out I 


A 
M 


99fi 


DW 


12353 










nnnnm n7 

uuuuu i u/ 


our d 


A 


997 


DW 


12539 










nnnnm nw 

UUUUU I uo 


^1 rc; 

O l DO 


A 


^9« 


DW 


12725 










UUUUU I U3 




A 


^9Q 


DW 


12910 










UUUUU I Un 




A 
M 




DW 


13094 










nnnnnmR 

UUUUU I UD 


oour 


A 


00 I 


DW 


13279 










UUUUU I uv_» 




A 


999 


DW 


13462 










nnnnm nn 




A 


999 
000 


DW 


13645 










nnnnm nF 

UUUUU I uc 


OOU4 


A 
M 


99A 


DW 


13828 










uuuuu i ur 


uDDn 


A 
M 


99R 


DW 


14010 










nnnnn 1 -i n 

UUUUU I I u 


^7RF 
O / or 


A 


99R 


DW 


14191 










nnnnn-\ 1 1 

UUUUU I I I 


^ft94 


A 
M 


997 


DW 


14372 










nnnnn 1 1 o 

UUUUU I I c. 


oouy 


A 
M 


99P 


DW 


14553 










nnnnn in 

UUUUU I I o 


^QftP 


A 


99Q 


DW 


14732 










UUUUU I 1 4 


^A4n 

Or\4U 


A 


9An 


DW 


14912 










nnnnm 1 ^ 

UUUUU I I o 




A 


9A1 


DW 


15090 










nnnnn 1 1 fi 

UUUUU I I D 


ODnO 


A 


949 


DW 


15269 










nnnnm 17 

UUUUU I I f 


OUjD 


A 


949 
OHO 


DW 


15446 










nnnnn 1 1 ft 

UUUUU I I o 




A 


9A4 


DW 


15623 










nnnnm 1 q 
uuuuu i i y 


JUDO 


A 


9A^ 


DW 


15800 










nnnnn 1 1 a 

UUUUU I In 


^Ffift 


A 


94R 


DW 


15976 










nnnnm 1 r 

UUUUU I I D 


^F1 7 

Or I / 


A 


947 


DW 


16151 










nnnnn 1 1 p 

UUUUU I I \j 


OrUO 


A 


9AR 


DW 


16325 










nnnnn 1 1 n 

UUUUU I I u 


zin7ft 

4U f O 


A 


94Q 


DW 


16499 










nnnnn hp 
UUUUU I 1 1 




A 


9^n 


DW 


16673 










nnnnn 1 1 f 
uuuuu i i r 


A1 PF 


A 


9^1 


DW 


16846 










nnnnn 1 on 
UUUUU I £iU 


A07A 


A 


9^9 


DW 


17018 










nnnnm 01 
UUUUU I d I 


AIOR 


A 


9^9 


DW 


17189 










nnnnm 99 
UUUUU l tic. 


4oUU 


A 


9^4 


DW 


17360 










nnnnn 1 o*\ 

UUUUU I £.0 


vMT A 
44 f M 


A 


9^R 


DW 


17530 










nnnnn 1 oa 
UUUUU I *i4 


4K04 


A 

n 


9^R 
ODD 


DW 


17700 










nnnnn 1 or 

UUUUU I C.Z) 


40v-<LJ 


A 
M 


9^7 

OO / 


DW 


17869 










nnnnn 1 op, 

UUUUU I *lO 


41^7^ 

40 / O 


A 


000 


DW 


18037 










nnnnn 1 97 

UUUUU I c. f 


471 P 


A 


9SQ 


DW 


18204 










nnnnn-\ 9ft 

UUUUU I C.O 


47P*3 


A 


9fi0 


DW 


18371 










nnnnn 1 9Q 

UUUUU I c33 


4ftfiQ 


A 


9fi1 

OU I 


DW 


18537 










nnnnm 9 a 

UUUUU I c.r\ 


4Q0F 


A 


362 


DW 


18703 










nnnnm 9R 

UUUUU I c.\-i 


4QR4 
ty D4 


A 
M 


9fi9 
000 


DW 


18868 










nnnnns or* 

UUUUU l 


4MOO 


A 


ODH 


DW 


19032 










nnnnn-\ 9n 

UUUUU I CXJ 


4AFR 


A 


365 


DW 


19195 










000001 2E 


4B9D 


A 


366 


DW 


19357 










00000 12F 


4C3F 


A 


367 


DW 


19519 










00000130 


4CE0 


A 


368 


DW 


19680 










00000131 


4D81 


A 


369 


DW 


19841 










00000132 


4E20 


A 


370 


DW 


20000 










00000133 


4EBF 


A 


371 


DW 


20159 
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00000134 


4F5D 


A 


372 


DW 


20317 


00000135 


4FFB 


A 


373 


DW 


20475 


00000136 


5097 


A 


374 


DW 


20631 


00000137 


5133 


A 


375 


DW 


20787 


00000138 


51CE 


A 


376 


DW 


20942 


00000139 


5268 


A 


377 


DW 


21096 


00000 13A 


5302 


A 


378 


DW 


21250 


000001 3B 


539B 


A 


379 


DW 


21403 


00000 13C 


5432 


A 


380 


DW 


21554 


000001 3D 


54C9 


A 


381 


DW 


21705 


000001 3E 


5560 


A 


382 


DW 


21856 


000001 3F 


55F5 


A 


383 


DW 


22005 


00000140 


568A 


A 


384 


DW 


22154 


00000141 


571 D 


A 


385 


DW 


22301 


00000142 


57B0 


A 


386 


DW 


22448 


00000143 


5842 


A 


387 


DW 


22594 


00000144 


58D3 


A 


388 


DW 


22739 


00000145 


5964 


A 


389 


DW 


22884 


00000146 


59F3 


A 


390 


DW 


23027 


00000147 


5A82 


A 


391 


DW 


23170 


00000148 


5B0F 


A 


392 


DW 


23311 


00000149 


5B9C 


A 


393 


DW 


23452 


00000 14A 


5C28 


A 


394 


DW 


23592 


000001 4B 


5CB3 


A 


395 


DW 


23731 


00000 14C 


5D3E 


A 


396 


DW 


23870 


000001 4D 


5DC7 


A 


397 


DW 


24007 


000001 4E 


5E4F 


A 


398 


DW 


24143 


00000 14F 


5ED7 


A 


399 


DW 


24279 


00000150 


5F5D 


A 


400 


DW 


24413 


00000151 


5FE3 


A 


401 


DW 


24547 


00000152 


6068 


A 


402 


DW 


24680 


00000153 


60EB 


A 


403 


DW 


24811 


00000154 


616E 


A 


404 


DW 


24942 


00000155 


61 F0 


A 


405 


DW 


25072 


00000156 


6271 


A 


406 


DW 


25201 


00000157 


62F1 


A 


407 


DW 


25329 


00000158 


6370 


A 


408 


DW 


25456 


00000159 


63EE 


A 


409 


DW 


25582 


00000 15A 


646C 


A 


410 


DW 


25708 


0000015B 


64E8 


A 


411 


DW 


25832 


00000 15C 


6563 


A 


412 


DW 


25955 


000001 5D 


65DD 


A 


413 


DW 


26077 


000001 5E 


6656 


A 


414 


DW 


26198 


000001 5F 


66CF 


A 


415 


DW 


26319 


00000160 


6746 


A 


416 


DW 


26438 


00000161 


67BC 


A 


417 


DW 


26556 


00000162 


6832 


A 


418 


DW 


26674 


00000163 


68A6 


A 


419 


DW 


26790 


00000164 


6919 


A 


420 


DW 


26905 


00000165 


698B 


A 


421 


DW 


27019 


00000166 


69FD 


A 


422 


DW 


27133 


00000167 


6A6D 


A 


423 


DW 


27245 


00000168 


6ADC 


A 


424 


DW 


27356 



11-24 



Z89CO0 
User Manual 



PC 


Machine Code 


I 


Line 


File: Tl.asm 






00000169 


6B4A 


A 


425 


DW 


27466 






00000 16A 


6BB7 


A 


426 


DW 


27575 






000001 6B 


6C23 


A 


427 


DW 


27683 






00000 16C 


6C8E 


A 


428 


DW 


27790 






000001 6D 


6CF8 


A 


429 


DW 


27896 






00000 16E 


6D61 


A 


430 


DW 


28001 






000001 6F 


6DC9 


A 


431 


DW 


28105 






00000170 


6E30 


A 


432 


DW 


28208 






00000171 


6E96 


A 


433 


DW 


28310 






00000172 


6EFB 


A 


434 


DW 


28411 






00000173 


6F5E 


A 


435 


DW 


28510 






00000174 


6FC1 


A 


436 


DW 


28609 






00000175 


7022 


A 


437 


DW 


28706 






00000176 


7083 


A 


438 


DW 


28803 






00000177 


70E2 


A 


439 


DW 


28898 






00000178 


7140 


A 


440 


DW 


28992 






00000179 


71 9D 


A 


441 


DW 


29085 






00000 17A 


71 F9 


A 


442 


DW 


29177 






000001 7B 


7254 


A 


443 


DW 


29268 






000001 7C 


72AE 


A 


444 


DW 


29358 






000001 7D 


7307 


A 


445 


DW 


29447 






00000 17E 


735E 


A 


446 


DW 


29534 






00000 17F 


73B5 


A 


447 


DW 


29621 






00000180 


740A 


A 


448 


DW 


29706 






00000181 


745F 


A 


449 


DW 


29791 






00000182 


74B2 


A 


450 


DW 


29874 






00000183 


7504 


A 


451 


DW 


29956 






00000184 


7555 


A 


452 


DW 


30037 






00000185 


75A5 


A 


453 


DW 


30117 






00000186 


75F3 


A 


454 


DW 


30195 






00000187 


7641 


A 


455 


DW 


30273 






00000188 


768D 


A 


456 


DW 


30349 






00000189 


76D8 


A 


457 


DW 


30424 






00000 18A 


7722 


A 


458 


DW 


30498 






000001 8B 


776B 


A 


459 


DW 


30571 






00000 18C 


77B3 


A 


460 


DW 


30643 






000001 8D 


77FA 


A 


461 


DW 


30714 






000001 8E 


783F 


A 


462 


DW 


30783 






000001 8F 


7884 


A 


463 


DW 


30852 






00000190 


78C7 


A 


464 


DW 


30919 






00000191 


7909 


A 


465 


DW 


30985 






00000192 


794A 


A 


466 


DW 


31050 






00000193 


7989 


A 


467 


DW 


31113 






00000194 


79C8 


A 


468 


DW 


31176 






00000195 


7A05 


A 


469 


DW 


31237 






00000196 


7A41 


A 


470 


DW 


31297 






00000197 


7A7C 


A 


471 


DW 


31356 






00000198 


7AB6 


A 

A 




DW 


31414 






00000199 


7AEE 


A 


473 


DW 


31470 






00000 19A 


7B26 


A 


474 


DW 


31526 






00000 19B 


7B5C 


A 


475 


DW 


31580 






00000 19C 


7B91 


A 


476 


DW 


31633 






00000 19D 


7BC5 


A 


477 


DW 


31685 











11-25 



Z89C00 
User Manual 



PC 


Machine Code 


I 


Line 


File: Tl.asm 


000001 9E 


7BF8 


A 


478 


DW 


31736 


000001 9F 


7C29 


A 


479 


DW 


31785 


000001 AO 


7C59 


A 


480 


DW 


31833 


000001A1 


7C88 


A 


481 


DW 


31880 


00000 1A2 


7CB6 


A 


482 


DW 


31926 


000001 A3 


7CE3 


A 


483 


DW 


31971 


00000 1A4 


7D0E 


A 


484 


DW 


32014 


00000 1A5 


7D39 


A 


485 


DW 


32057 


000001 A6 


7D62 


A 


486 


DW 


32098 


00000 1A7 


7D89 


A 


487 


DW 


32137 


00000 1A8 


7DB0 


A 


488 


DW 


32176 


000001 A9 


7DD5 


A 


489 


DW 


32213 


00000 1AA 


7DFA 


A 


490 


DW 


32250 


00000 1AB 


7E1D 


A 


491 


DW 


32285 


000001 AC 


7E3E 


A 


492 


DW 


32318 


000001 AD 


7E5F 


A 


493 


DW 


32351 


00000 1AE 


7E7E 


A 


494 


DW 


32382 


00000 1AF 


7E9C 


A 


495 


DW 


32412 


000001 BO 


7EB9 


A 


496 


DW 


32441 


000001 B1 


7ED5 


A 


497 


DW 


32469 


000001 B2 


7EEF 


A 


498 


DW 


32495 


000001 B3 


7F09 


A 


499 


DW 


32521 


000001 B4 


7F21 


A 


500 


DW 


32545 


000001 B5 


7F37 


A 


501 


DW 


32567 


000001 B6 


7F4D 


A 


502 


DW 


32589 


000001 B7 


7F61 


A 


503 


DW 


32609 


000001 B8 


7F74 


A 


504 


DW 


32628 


000001 B9 


7F86 


A 


505 


DW 


32646 


000001 BA 


7F97 


A 


506 


DW 


32663 


000001 BB 


7FA6 


A 


507 


DW 


32678 


000001 BC 


7FB4 


A 


508 


DW 


32692 


000001 BD 


7FC1 


A 


509 


DW 


32705 


000001 BE 


7FCD 


A 


510 


DW 


32717 


000001 BF 


7FD8 


A 


511 


DW 


32728 


000001 CO 


7FE1 


A 


512 


DW 


32737 


000001 C1 


7FE9 


A 


513 


DW 


32745 


000001 C2 


7FF0 


A 


514 


DW 


32752 


00000 1C3 


7FF5 


A 


515 


DW 


32757 


000001 C4 


7FF9 


A 


516 


DW 


32761 


00000 1C5 


7FFD 


A 


517 


DW 


32765 


000001 C6 


7FFE 


A 


518 


DW 


32766 


000001 C7 




A 


519 


COSINE: 


00000 1C7 


7FFF 


A 


520 


DW 


32767 


000001 C8 


7FFE 


A 


521 


DW 


32766 


000001 C9 


7FFD 


A 


522 


DW 


32765 


00000 1CA 


7FF9 


A 


523 


DW 


32761 


000001 CB 


7FF5 


A 


524 


DW 


32757 


UUUUU 1L/L- 


7crn 
irrv 


A 

A 




DW 


32752 


000001 CD 


7FE9 


A 


526 


DW 


32745 


000001 CE 


7FE1 


A 


527 


DW 


32737 


000001 CF 


7FD8 


A 


528 


DW 


32728 


000001 DO 


7FCD 


A 


529 


DW 


32717 


000001 D1 


7FC1 


A 


530 


DW 


32705 



11-26 







Z89C00 
User Manual 



PC Machine Code I Line File: T1 .asm 



000001 D2 


7FB4 


A 


531 


DW 


32692 








00000 1D3 


7FA6 


A 


532 


DW 


32678 








r""\ j 

000001 D4 


7F97 


A 


533 


DW 


32663 








000001 D5 


7F86 


A 


534 


DW 


32646 








00000 1D6 


7F74 


A 


535 


DW 


32628 








000001 D7 


7F61 


A 


536 


DW 


32609 








000001 D8 


7F4D 


A 


537 


DW 


32589 








000001 D9 


7F37 


A 


538 


DW 


32567 








000001 DA 


7F21 


A 


539 


DW 


32545 








000001 DB 


7F09 


A 


540 


DW 


32521 








000001 DC 


7EEF 


A 


541 


DW 


32495 








000001 DD 


7ED5 


A 


542 


DW 


32469 








000001 DE 


7EB9 


A 


543 


DW 


32441 








000001 DF 


7E9C 


A 


544 


DW 


32412 








000001 E0 


7E7E 


A 


545 


DW 


32382 








000001 E1 


7E5F 


A 


546 


DW 


32351 








000001 E2 


7E3E 


A 


547 


DW 


32318 








000001 E3 


7E1D 


A 


548 


DW 


32285 








000001 E4 


7DFA 


A 


549 


DW 


32250 








000001 E5 


7DD5 


A 


550 


DW 


32213 








000001 E6 


7DB0 


A 


551 


DW 


32176 








000001 E7 


7D89 


A 


552 


DW 


32137 








000001 E8 


7D62 


A 


553 


DW 


32098 








00000 1E9 


7D39 


A 


554 


DW 


32057 








000001 EA 


7D0E 


A 


555 


DW 


32014 








000001 EB 


7CE3 


A 


556 


DW 


31971 








000001 EC 


7CB6 


A 


557 


DW 


31926 








000001 ED 


7C88 


A 


558 


DW 


31880 








000001 EE 


7C59 


A 


559 


DW 


31833 








000001 EF 


7C29 


A 


560 


DW 


31785 








000001 FO 


7BF8 


A 


561 


DW 


31736 








000001 F1 


7BC5 


A 


562 


DW 


31685 








000001 F2 


7B91 


A 


563 


DW 


31633 








00000 1F3 


7B5C 


A 


564 


DW 


31580 








00000 1F4 


7B26 


A 


565 


DW 


31526 








00000 1F5 


7AEE 


A 


566 


DW 


31470 








00000 1F6 


7AB6 


A 


567 


DW 


31414 








00000 1F7 


7A7C 


A 


568 


DW 


31356 








00000 1F8 


7A41 


A 


569 


DW 


31297 








00000 1F9 


7A05 


A 


570 


DW 


31237 








000001 FA 


79C8 


A 


571 


DW 


31176 








000001 FB 


7989 


A 


572 


DW 


31113 








000001 FC 


794A 


A 


573 


DW 


31050 








000001 FD 


7909 


A 


574 


DW 


30985 








00000 1FE 


78C7 


A 


575 


DW 


30919 








00000 1FF 


7884 


A 


576 


DW 


30852 








00000200 


783F 


A 


577 


DW 


30783 








00000201 


77FA 


A 


578 


DW 


30714 








00000202 


77B3 


A 


579 


DW 


30643 








00000203 


776B 


A 


580 


DW 


30571 








00000204 


7722 


A 


581 


DW 


30498 








00000205 


76D8 


A 


582 


DW 


30424 








00000206 


768D 


A 


583 


DW 


30349 









11-27 



Z89C00 
User Manual 



pp 


ividOt in ic wuuc 


I 


. . 

Lin© 


File: Tl.asm 


00000207 


7641 


A 


584 


DW 


30273 


00000208 


75F3 


A 


585 


DW 


30195 


00000209 


75A5 


A 


586 


DW 


30117 


0000020A 


7555 


A 


587 


DW 


30037 


0000020B 


7504 


A 


588 


DW 


29956 


0000020C 


74B2 


A 


589 


DW 


29874 


0000020D 


745F 


A 


590 


DW 


29791 


0000020E 


740A 


A 


591 


DW 


29706 


0000020F 


73B5 


A 


592 


DW 


29621 


00000210 


735E 


A 


593 


DW 


29534 


0000021 1 


7307 


A 


594 


DW 


29447 


00000212 


72AE 


A 


595 


DW 


29358 


00000213 


7254 


A 


596 


DW 


29268 


00000214 


71 F9 


A 


597 


DW 


29177 


00000215 


71 9D 


A 


598 


DW 


29085 


00000216 


7140 


A 


599 


DW 


28992 


00000217 


70E2 


A 


600 


DW 


28898 


00000218 


7083 


A 


601 


DW 


28803 


00000219 


7022 


A 


602 


DW 


28706 


0000021 A 


6FC1 


A 


603 


DW 


28609 


0000021 B 


6F5E 


A 


604 


DW 


28510 


0000021 C 


6EFB 


A 


605 


DW 


28411 


0000021 D 


6E96 


A 


606 


DW 


28310 


0000021 E 


6E30 


A 


607 


DW 


28208 


0000021 F 


6DC9 


A 


608 


DW 


28105 


00000220 


6D61 


A 


609 


DW 


28001 


00000221 


6CF8 


A 


610 


DW 


27896 


00000222 


6C8E 


A 


611 


DW 


27790 


00000223 


6C23 


A 


612 


DW 


27683 


00000224 


6BB7 


A 


613 


DW 


27575 


00000225 


6B4A 


A 


614 


DW 


27466 


00000226 


6ADC 


A 


615 


DW 


27356 


00000227 


6A6D 


A 


616 


DW 


27245 


00000228 


69FD 


A 


617 


DW 


27133 


00000229 


698B 


A 


618 


DW 


27019 


0000022A 


6919 


A 


619 


DW 


26905 


0000022B 


68A6 


A 


620 


DW 


26790 


0000022C 


6832 


A 


621 


DW 


26674 


0000022D 


67BC 


A 


622 


DW 


26556 


0000022E 


6746 


A 


623 


DW 


26438 


0000022F 


66CF 


A 


624 


DW 


26319 


00000230 


6656 


A 


625 


DW 


26198 


00000231 


65DD 


A 


626 


DW 


26077 


00000232 


6563 


A 


627 


DW 


25955 


00000233 


64E8 


A 


628 


DW 


25832 


00000234 


646C 


A 


629 


n\A/ 

DW 




00000235 


63EE 


A 


630 


DW 


25582 


00000236 


6370 


A 


631 


DW 


25456 


00000237 


62F1 


A 


632 


DW 


25329 


00000238 


6271 


A 


633 


DW 


25201 


00000239 


61 F0 


A 


634 


DW 


25072 


0000023A 


61 6E 


A 


635 


DW 


24942 


0000023B 


60EB 


A 


636 


DW 


24811 



11-28 



Z89C00 
User Manual 



PC 


Machine Code 


I 


Line 


File: Tl.asm 




0000023C 


6068 


A 


637 


DW 


24680 




0000023D 


5FE3 


A 


638 


DW 


24547 




0000023E 


5F5D 


A 


639 


DW 


24413 




0000023F 


5ED7 


A 


640 


DW 


24279 




00000240 


5E4F 


A 


641 


DW 


24143 




00000241 


5DC7 


A 


642 


DW 


24007 




00000242 


5D3E 


A 


643 


DW 


23870 




00000243 


5CB3 


A 


644 


DW 


23731 




00000244 


5C28 


A 


645 


DW 


23592 




00000245 


5B9C 


A 


646 


DW 


23452 




00000246 


5B0F 


A 


647 


DW 


23311 




00000247 


5A82 


A 


648 


DW 


23170 




00000248 


59F3 


A 


649 


DW 


23027 




00000249 


5964 


A 


650 


DW 


22884 




0000024A 


58D3 


A 


651 

UvJ I 


DW 


22739 




0000024B 

\J \J \J \J W C- " 1— J 


5842 


A 


652 


DW 


22594 




0000024C 


57B0 


A 


653 


DW 


22448 




0000024D 


571 D 


A 


654 


DW 


22301 




onoon?4F 


568A 


A 


65S 


DW 


22154 




0000024F 


55F5 


A 


656 


DW 


22005 




00000250 


5560 


A 


657 


DW 


21856 




00000251 

W\JW\J\J£-\J 1 


54C9 


A 


658 


DW 


21705 




00000252 


5432 


A 


659 


DW 


21554 




00000253 

VJ W \J V_/ W C vJ W 


539B 


A 


660 


DW 


21403 




00000254 


5302 


A 


661 


DW 


21250 




00000255 

V/ vy \J W vJ i-* 


5268 


A 


662 


DW 


21096 




00000256 


51CE 


A 


663 


DW 


20942 




00000257 


5133 


A 


664 


DW 


20787 




0000025R 


5097 


A 


665 


DW 


20631 




00000259 


4FFB 


A 


666 


DW 


20475 




0000025A 


4F5D 


A 


667 


DW 


20317 




0000025B 

UUUUUL.JU 


4EBF 


A 


668 


DW 


20159 




00000250 


4E20 


A 


669 


DW 


20000 




0000025D 


4D81 


A 


670 


DW 


19841 




0000025F 


4CE0 


A 


671 


DW 


19680 






4C3F 


A 


672 


DW 


19519 






4B9D 


A 


673 


DW 


19357 






4AFB 


A 


674 


DW 


19195 








A 
M 




DW 


19032 






49 R4 


A 


676 


DW 


18868 






490F 


A 


677 


DW 


18703 






4R69 


A 


678 


DW 


18537 




00000266 


47C3 


A 


679 


DW 


18371 






471H 


A 


680 


DW 


18204 




00000268 


4675 


A 


681 


DW 


18037 




ooooopfiq 




A 


682 


DW 


17869 




0000026A 


4524 


A 


683 


DW 


17700 




0000026B 


447A 


A 


684 


DW 


17530 




0000026C 


43D0 


A 


685 


DW 


17360 




0000026D 


4325 


A 


686 


DW 


17189 




0000026E 


427A 


A 


687 


DW 


17018 




0000026F 


41 CE 


A 


688 


DW 


16846 




00000270 


4121 


A 


689 


DW 


16673 





<5>2iLCE 



PC 


IVICllrl III IC V_»kJi_JC 


I 


LI I !C 


File: T1 .asm 


00000271 


4073 


A 


690 


DW 


16499 


00000272 


3FC5 


A 


691 


DW 


16325 


00000273 


3F17 


A 


692 


DW 


16151 


00000274 


3E68 


A 


693 


DW 


15976 


00000275 


3DB8 


A 


694 


DW 


15800 


00000276 


3D07 


A 


695 


DW 


15623 


00000277 


3C56 


A 


696 


DW 


15446 


00000278 


3BA5 


A 


697 


DW 


15269 


00000279 


3AF2 


A 


698 


DW 


15090 


0000027A 


3A40 


A 


699 


DW 


14912 


0000027B 


398C 


A 


700 


DW 


14732 


0000027C 


38D9 


A 


701 


DW 


14553 


0000027D 


3824 


A 


702 


DW 


14372 


0000027E 


376F 


A 


703 


DW 


14191 


0000027F 


36BA 


A 


704 


DW 


14010 


00000280 


3604 


A 


705 


DW 


13828 


00000281 


354D 


A 


706 


DW 


13645 


00000282 


3496 


A 


707 


DW 


13462 


00000283 


33DF 


A 


708 


DW 


13279 


00000284 


3326 


A 


709 


DW 


13094 


00000285 


326E 


A 


710 


DW 


12910 


00000286 


31 B5 


A 


711 


DW 


12725 


00000287 


30FB 


A 


712 


DW 


12539 


00000288 


3041 


A 


713 


DW 


12353 


00000289 


2F87 


A 


714 


DW 


12167 


0000028A 


2ECC 


A 


715 


DW 


11980 


0000028B 


2E11 


A 


716 


DW 


11793 


0000028C 


2D55 


A 


717 


DW 


11605 


0000028D 


2C99 


A 


718 


DW 


11417 


0000028E 


2BDC 


A 


719 


DW 


11228 


0000028F 


2B1F 


A 


720 


DW 


11039 


00000290 


2A61 


A 


721 


DW 


10849 


00000291 


29A3 


A 


722 


DW 


10659 


00000292 


28E5 


A 


723 


DW 


10469 


00000293 


2826 


A 


724 


DW 


10278 


00000294 


2767 


A 


725 


DW 


10087 


00000295 


26A8 


A 


726 


DW 


9896 


00000296 


25E8 


A 


727 


DW 


9704 


00000297 


2528 


A 


728 


DW 


9512 


00000298 


2467 


A 


729 


DW 


9319 


00000299 


23A6 


A 


730 


DW 


9126 


0000029A 


22E5 


A 


731 


DW 


8933 


0000029B 


2223 


A 


732 


DW 


8739 


0000029C 


2161 


A 


733 


DW 


8545 


0000029D 


209F 


A 


734 


DW 


8351 


0000029E 


1FDD 


A 


735 


DW 




0000029F 


1F1A 


A 


736 


DW 


7962 


000002A0 


1E57 


A 


737 


DW 


7767 


000002A1 


1D93 


A 


738 


DW 


7571 


000002A2 


1CCF 


A 


739 


DW 


7375 


000002A3 


1C0B 


A 


740 


DW 


7179 


000002A4 


1B47 


A 


741 


DW 


6983 


000002A5 


1A82 


A 


742 


DW 


6786 
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000002A6 


19BE 


A 


743 


DW 


6590 


000002A7 


18F9 


A 


744 


DW 


6393 


000002A8 


1833 


A 


745 


DW 


6195 


0O0OO2A9 


176E 


A 


746 


DW 


5998 


000002AA 


16A8 


A 


747 


DW 


5800 


000002AB 


15E2 


A 


748 


DW 


5602 


000002AC 


151C 


A 


749 


DW 


5404 


000002AD 


1455 


A 


750 


DW 


5205 


000002AE 


138F 


A 


751 


DW 


5007 


000002AF 


12C8 


A 


752 


DW 


4808 


000002B0 


1201 


A 


753 


DW 


4609 


000002B1 


113A 


A 


754 


DW 


4410 


000002B2 


1072 


A 


755 


DW 


4210 


000002B3 


OFAB 


A 


756 


DW 


4011 


000002B4 


0EE3 


A 


757 


DW 


381 1 


000002B5 


0E1C 


A 


758 


DW 


3612 


000002B6 


0D54 


A 


759 


DW 


3412 


000002B7 


0C8C 


A 


760 


DW 


3212 


000002B8 


0BC4 


A 


761 


DW 


3012 


000002B9 


OAFB 


A 


762 


DW 


2811 


0O00O2BA 


0A33 


A 


763 


DW 


2611 


000002BB 


096A 


A 


764 


DW 


2410 


000002BC 


08A2 


A 


765 


DW 


2210 


0O0O02BD 


07 D9 


A 


766 


DW 


2009 


000002BE 


0711 


A 


767 


DW 


1809 


000002BF 


0648 


A 


768 


DW 


1608 


000002C0 


057F 


A 


769 


DW 


1407 


000002C1 


04B6 


A 


770 


DW 


1206 


000002C2 


03ED 


A 


771 


DW 


1005 


000002C3 


0324 


A 


772 


DW 


804 


000002C4 


025B 


A 


773 


DW 


603 


000002C5 


0192 


A 


774 


DW 


402 


000002C6 


00C9 


A 


775 


DW 


201 


000002C7 


0000 


A 


776 


DW 





000002C8 


FF37 


A 


777 


DW 


-201 


000002C9 


FE6E 


A 


778 


DW 


-402 


000002CA 


FDA5 


A 


779 


DW 


-603 


000002CB 


FCDC 


A 


780 


DW 


-804 


000002CC 


FC13 


A 


781 


DW 


-1005 


000002CD 


FB4A 


A 


782 


DW 


-1206 


000002CE 


FA81 


A 


783 


DW 


-1407 


000002CF 


F9B8 


A 


784 


DW 


-1608 


000002D0 


F8EF 


A 


785 


DW 


-1809 


000002D1 


F827 


A 


786 


DW 


-2009 


000002D2 


F75E 


A 


787 


DW 


-2210 


000002D3 


F696 


A 


788 


DW 


-2410 


000002D4 


F5CD 


A 


789 


DW 


-261 1 


000002D5 


F505 


A 


790 


DW 


-2811 


000002D6 


F43C 


A 


791 


DW 


-3012 


000002D7 


F374 


A 


792 


DW 


-3212 


000002D8 


F2AC 


A 


793 


DW 


-3412 


000002D9 


F1E4 


A 


794 


DW 


-3612 


000002DA 


F11D 


A 


795 


DW 


-3811 
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000002DB 


F055 


A 


796 


DW 


-4011 


000002DC 


EF8E 


A 


797 


DW 


-4210 


000002DD 


EEC6 


A 


798 


DW 


-4410 


000002DE 


EDFF 


A 


799 


DW 


-4609 


000002DF 


ED38 


A 


800 


DW 


-4808 


000002E0 


EC71 


A 


801 


DW 


-5007 


000002E1 


EBAB 


A 


802 


DW 


-5205 


000002E2 


EAE4 


A 


803 


DW 


-5404 


000002E3 


EA1E 


A 


804 


DW 


-5602 


000002E4 


E958 


A 


805 


DW 


-5800 


000002E5 


E892 


A 


806 


DW 


-5998 


000002E6 


E7CD 


A 


807 


DW 


-6195 


000002E7 


E707 


A 


808 


DW 


-6393 


000002E8 


E642 


A 


809 


DW 


-6590 


000002E9 


E57E 


A 


810 


DW 


-6786 


000002EA 


E4B9 


A 


81 1 


DW 


-6983 


000002EB 


E3F5 


A 


812 


DW 


-7179 


000002EC 


E331 


A 


813 


DW 


-7375 


000002ED 


E26D 


A 


814 


DW 


-7571 


000002EE 


E1A9 


A 


815 


DW 


-7767 


000002EF 


E0E6 


A 


816 


DW 


-7962 


000002F0 


E023 


A 


817 


DW 


-8157 


000002F1 


DF61 


A 


818 


DW 


-8351 


000002F2 


DE9F 


A 


819 


DW 


-8545 


000002F3 


DDDD 


A 


820 


DW 


-8739 


000002F4 


DD1B 


A 


821 


DW 


-8933 


000002F5 


DC5A 


A 


822 


DW 


-9126 


000002F6 


DB99 


A 


823 


DW 


-9319 


000002F7 


DAD8 


A 


824 


DW 


-9512 


000002F8 


DA18 


A 


825 


DW 


-9704 


000002F9 


D958 


A 


826 


DW 


-9896 


000002FA 


D899 


A 


827 


DW 


-10087 


000002FB 


D7DA 


A 


828 


DW 


-10278 


000002FC 


D71B 


A 


829 


DW 


-10469 


000002FD 


D65D 


A 


830 


DW 


-10659 


000002FE 


D59F 


A 


831 


DW 


-10849 


000002FF 
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D4E1 


A 


832 


DW 


-11039 


00000300 


D424 


A 


833 


DW 


-11228 


00000301 


D367 


A 


834 


DW 


-11417 


00000302 


D2AB 


A 


835 


DW 


-11605 


00000303 


D1EF 


A 


836 


DW 


-11793 


00000304 


D134 


A 


837 


DW 


-11980 


00000305 


D079 


A 


838 


DW 


-12167 


00000306 


CFBF 


A 


839 


DW 


-12353 


00000307 


CF05 


A 


840 


DW 


-12539 


00000308 


CE4B 


A 


841 


DW 


-12725 


00000309 


CD92 


A 


842 


DW 


-12910 


0000030A 


CCDA 


A 


843 


DW 


-13094 


0000030B 


CC21 


A 


844 


DW 


-13279 


0000030C 


CB6A 


A 


845 


DW 


-13462 


0000030D 


CAB3 


A 


846 


DW 


-13645 


0000030E 


C9FC 


A 


847 


DW 


-13828 


0000030F 


C946 


A 


848 


DW 


-14010 
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00000310 


C891 


A 


849 


DW 


-14191 






0000031 1 


C7DC 


A 


850 


DW 


-14372 






00000312 


C727 


A 


851 


DW 


-14553 






00000313 


C674 


A 


852 


DW 


-14732 






00000314 


C5C0 


A 


853 


DW 


-14912 






00000315 


C50E 


A 


854 


DW 


-15090 






00000316 


C45B 


A 


855 


DW 


-15269 






00000317 


C3AA 


A 


856 


DW 


-15446 






00000318 


C2F9 


A 


857 


DW 


-15623 






00000319 


C248 


A 


858 


DW 


-15800 






0000031 A 


C198 


A 


859 


DW 


-15976 






000003 1B 


C0E9 


A 


860 


DW 


-16151 






0000031 C 


C03B 


A 


861 


DW 


-16325 






0000031 D 


BF8D 


A 


862 


DW 


-16499 






0000031 E 


BEDF 


A 


863 


DW 


-16673 






0000031 F 


BE32 


A 


864 


DW 


-16846 






00000320 


BD86 


A 


865 


DW 


-17018 






00000321 


BCDB 


A 


866 


DW 


-17189 






00000322 


BC30 


A 


867 


DW 


-17360 






00000323 


BB86 


A 


868 


DW 


-17530 






00000324 


BADC 


A 


869 


DW 


-1 7700 






00000325 


BA33 


A 


870 


DW 


-17869 






00000326 


B98B 


A 


871 


DW 


-18037 






00000327 


B8E4 


A 


872 


DW 


-18204 






00000328 


B83D 


A 


873 


DW 


-18371 






00000329 


B797 


A 


874 


DW 


-18537 






0000032A 


B6F1 


A 


875 


DW 


-18703 






0000032B 


B64C 


A 


876 


DW 


-18868 






0000032C 


B5A8 


A 


877 


DW 


-19032 






0000032D 


B505 


A 


878 


DW 


-19195 






0000032E 


B463 


A 


879 


DW 


-19357 






0000032F 


B3C1 


A 


880 


DW 


-19519 






00000330 


B320 


A 


881 


DW 


-19680 






00000331 


B27F 


A 


882 


DW 


-19841 






00000332 


B1E0 


A 


883 


DW 


-20000 






00000333 


B141 


A 


884 


DW 


-20159 






00000334 


B0A3 


A 


885 


DW 


-20317 






00000335 


B005 


A 


886 


DW 


-20475 






00000336 


AF69 


A 


887 


DW 


-20631 






00000337 


AECD 


A 


ooo 

boo 


DW 


-20787 






00000338 


AE32 


A 


889 


DW 


-20942 






00000339 


AD98 


A 


890 


DW 


-21096 






0000033A 


ACFE 


A 


891 


DW 


-21250 






0000033B 


AC65 


A 


892 


DW 


-21403 






0000033C 


ABCE 


A 


893 


DW 


-21554 






0000033D 


AB37 


A 


894 


DW 


-21705 






0000033E 


AAAO 


A 


895 


DW 


-21856 






UUUUUOoi 


A ADR 
AAUD 


A 
M 


oyo 


DW 


-22005 






00000340 


A976 


A 


897 


DW 


-22154 






00000341 


A8E3 


A 


898 


DW 


-22301 






00000342 


A850 


A 


899 


DW 


-22448 






00000343 


A7BE 


A 


900 


DW 


-22594 






00000344 


A72D 


A 


901 


DW 


-22739 
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00000345 


A69C 


A 


902 


DW 


-22884 


00000346 


A60D 


A 


903 


DW 


-23027 


00000347 


A57E 


A 


904 


DW 


-23170 


00000348 


A4F1 


A 


905 


DW 


-2331 1 


00000349 


A464 


A 


906 


DW 


-23452 


0000034A 


A3D8 


A 


907 


DW 


-23592 


0000034B 


A34D 


A 


908 


DW 


-23731 


0000034C 


A2C2 


A 


909 


DW 


-23870 


0000034D 


A239 


A 


910 


UW 


-24007 


0000034E 


A1B1 


A 


911 


UW 


-24143 


0000034F 


A129 


A 


912 


UW 


-24279 


00000350 


A0A3 


A 


913 


DW 


-24413 


00000351 


A01D 


A 


914 


DW 


-24547 


00000352 


9F98 


A 


915 


DW 


-24680 


00000353 


9F15 


A 


916 


DW 


-2481 1 


00000354 


9E92 


A 


917 


DW 


-24942 


00000355 


9E10 


A 


918 


DW 


-25072 


00000356 


9D8F 


A 


919 


DW 


-25201 


00000357 


9D0F 


A 


920 


DW 


-25329 


00000358 


9C90 


A 


921 


DW 


-25456 


00000359 


9C12 


A 


922 


DW 


-25582 


0000035A 


9B94 


A 


923 


DW 


-25708 


0000035B 


9B18 


A 


924 


DW 


-25832 


0000035C 


9A9D 


A 


925 


DW 


-25955 


0000035D 


9A23 


A 


926 


DW 


-26077 


0000035E 


99AA 


A 


927 


DW 


-26198 


0000035F 


9931 


A 


928 


DW 


-26319 


00000360 


98BA 


A 


929 


DW 


-26438 


00000361 


9844 


A 


930 


DW 


-26556 


00000362 


97CE 


A 


931 


DW 


-26674 


00000363 


975A 


A 


932 


DW 


-26790 


00000364 


96E7 


A 


933 


DW 


-26905 


00000365 


9675 


A 


934 


DW 


-27019 


00000366 


9603 


A 


935 


DW 


-27133 


00000367 


9593 


A 


936 


DW 


-27245 


00000368 


9524 


A 


937 


DW 


-27356 


00000369 


94B6 


A 


938 


DW 


-27466 


0000036A 


9449 


A 


939 


DW 


-27575 


0000036B 


93DD 


A 


940 


DW 


-27683 


0000036C 


9372 


A 


941 


DW 


-27790 


0000036D 


9308 


A 


942 


DW 


-27896 


0000036E 


929F 


A 


943 


DW 


-28001 


0000036F 


9237 


A 


944 


DW 


-28105 


00000370 


91 DO 


A 


945 


DW 


-28208 


00000371 


91 6A 


A 


946 


DW 


-28310 


00000372 


9105 


A 


947 


DW 


-28411 


00000373 


90A2 


A 


948 


DW 


-28510 


00000374 


903F 


A 


949 


DW 


-28609 


00000375 


8FDE 


A 


950 


DW 


-28706 


00000376 


8F7D 


A 


951 


DW 


-28803 


00000377 


8F1E 


A 


952 


DW 


-28898 


00000378 


8EC0 


A 


953 


DW 


-28992 


00000379 


8E63 


A 


954 


DW 


-29085 
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0000037A 


8E07 


A 


955 


DW 


-29177 




0000037B 


8DAC 


A 


956 


DW 


-29268 




0000037C 


8D52 


A 


957 


DW 


-29358 




0000037D 


8CF9 


A 


958 


DW 


-29447 




0000037E 


8CA2 


A 


959 


DW 


-29534 




0000037F 


8C4B 


A 


960 


DW 


-29621 




00000380 


8BF6 


A 


961 


DW 


-29706 




00000381 


8BA1 


A 


962 


DW 


-29791 




00000382 


8B4E 


A 


963 


DW 


-29874 




00000383 


8AFC 


A 


964 


DW 


-29956 




00000384 


8AAB 


A 


965 


DW 


-30037 




00000385 


8A5B 


A 


966 


DW 


-30117 




00000386 


8A0D 


A 


967 


DW 


-30195 




00000387 


89BF 


A 


968 


DW 


-30273 




00000388 


8973 


A 


969 


DW 


-30349 




00000389 


8928 


A 


970 


DW 


-30424 




0000038A 


88DE 


A 


971 


DW 


-30498 




0000038B 


8895 


A 


972 


DW 


-30571 




0000038C 


884D 


A 


973 


DW 


-30643 




0000038D 


8806 


A 


974 


DW 


-30714 




0000038E 


87C1 


A 


975 


DW 


-30783 




0000038F 


877C 


A 


976 


DW 


-30852 




00000390 


8739 


A 


977 


DW 


-30919 




00000391 


86F7 


A 


978 


DW 


-30985 




0000039? 


86 B6 


A 


979 


DW 


-31050 




00000393 


8677 


A 


980 


DW 


-31113 




00000394 


8638 


A 


981 


DW 


-31176 




00000395 


85 FB 


A 


982 


DW 


-31237 




00000396 


85 BF 


A 


983 


DW 


-31297 




00000397 


8584 


A 


984 


DW 


-31356 




00000398 


854A 


A 


985 


DW 


-31414 




00000399 


8512 


A 


986 


DW 


-31470 




0000039A 


84DA 


A 


987 


DW 


-31526 




0000039B 


84A4 


A 


988 


DW 


-31580 




0000039C 


846F 


A 


989 


DW 


-31633 




0000039D 


843B 


A 


990 


DW 


-31685 




0000039E 


8408 


A 


991 


DW 


-31736 




0000039F 


83D7 


A 


992 


DW 


-31785 




000003A0 


83A7 


A 


993 


DW 


-31833 




000003A1 


8378 


A 


994 


DW 


-31880 




000003A2 


834A 


A 


995 


DW 


-31926 




000003A3 


831 D 


A 


996 


DW 


-31971 




000003A4 


82F2 


A 


997 


DW 


-32014 




000003A5 


82C7 


A 


998 


DW 


-32057 




000003A6 


829E 


A 


999 


DW 


-32098 




000003A7 


8277 


A 


1000 


DW 


-32137 




000003A8 


8250 


A 


1001 


DW 


-32176 




000003A9 


822B 


A 


1002 


DW 


-32213 




000003AA 


8206 


A 


1003 


DW 


-32250 




000003AB 


81 E3 


A 


1004 


DW 


-32285 




000003AC 


81 C2 


A 


1005 


DW 


-32318 




000003AD 


81A1 


A 


1006 


DW 


-32351 




000003AE 


8182 


A 


1007 


DW 


-32382 
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000003AF 


8164 


A 


1008 


DW 


-32412 


000003B0 


8147 


A 


1009 


DW 


-32441 


000003B1 


81 2B 


A 


1010 


DW 


-32469 


000003B2 


8111 


A 


1011 




-32495 


000003B3 


80F7 


A 


1012 


DW 




000003B4 


80DF 


A 


1013 


DW 


-32545 


000003B5 


80C9 


A 


1014 


DW 


-32567 


000003B6 


80B3 


A 


1015 


uw 


-32589 


000003B7 


809F 


A 


1016 


P1\A/ 

UW 




000003B8 


808C 


A 


1017 


UW 


-o^b^o 


000003B9 


807A 


A 


1018 


UW 


-o^b4o 


000003BA 


8069 


A 


1019 


UW 


oocco 


000003BB 


805A 


A 


1020 


UW 


-32678 


000003BC 


804C 


A 


1021 


UW 


oocno 


000003BD 


803F 


A 


1022 


UW 


-32705 


000003BE 


8033 


A 


1023 


UW 


0071 "7 


000003BF 


8028 


A 


1024 


UW 


-32728 


000003C0 


801 F 


A 


1025 


DW 


-32737 


000003C1 


8017 


A 


1026 


DW 


-32745 


nnnnmr? 


8010 


A 


1027 


DW 


-32752 


000003C3 


800B 


A 


1028 


DW 


-32757 


000003C4 


8007 


A 


1029 


DW 


-32761 


000003C5 


8003 


A 


1030 


DW 


-32765 


000003C6 


8002 


A 


1031 


DW 


-32766 






A 
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END 
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1 1 .5 ADDITIONAL ARITHMETIC FUNCTIONS 



The following section provides useful arithmetic functions to expand the capability of the ALU . Each segment can be used 



as a macro or function within an application code. 
11.5.1 Signed Word Division 

*****»****.**********,****.********».* 



PLC Z89CC ANSI C Compiler 
Signed Word Division 
Code Generator Helper 
Copyright (C) 1992 Productic 

This routine is called directly by the user. 
It calculates the quotient and remainder of a 16-bit-by-16 division. 



INPUT: 



int numer, int denom. 



on 



SIGN 
_div: 



: OUTPUT: X - A pointer to a structure with quotient and reminder 

******************************************************************************* 

XDEF.1_div 
XDEF .0_div 
XDEF_div 
XREF _uwdiv 
EQU%104 
SEGMENT code 

XOR 

LDSIGN.A 
LD 
LD 

ORA.A 
JPPL.notnegl 
LD 
NEG 
LD 

LD 
LD 

ORA.A 

JPPL,notneg2 
NEG 
LD 
LD 
NEG 
LD 

CALL 
LDY.A 
LDA.SIGN 
ORA.A 
JPPL.notneg 
LD 



notnegl : 



notneg2: 



D1:1 of bank 1 



A,A 

; Set sign to positive 

A,.0_div 

X,A 

; Is X negative? 
; no, jump 
SIGN.A 
A 

X,A 

A,.1_div 
Y,A 

; Is Y negative? 
; no, jump 
A 

Y,A 

A.SIGN 
A 

SIGN.A 

_uwdiv ; do unsigned 
; preserve result 
: get sign of result 



; no, jump 
A,Y 



NEG A 



notneg: 



.CLdiv: 
.1_div: 



LD .0_div,A ; Store quotient 

LD A,X 

LD .1_div,A ; Store remainder 

LD A,#.0_div 

RET 

FRAME _div,_frame_div,BANKO 

DS 1 

DS 1 
END 



1 1 .5.2 Long Addition 



*********************************************************** 
* 

PLC Z89CC ANSI C Compiler 
Long Addition 
Code Generator Helper 
'Copyright (C) 1992 Production Languages Corporation 

This routine is called directly from the code generated by 
the compiler. It calculates the result of a 32 by 32 addition. 

* INPUT: D0:0,D1 :0 + D2:0,D3:0 

* OUTPUT: X,Y 

*************************************************************************************************************************************** 

Jadd: 



no_carry: 



LD A,D1:0 

ADD A,D3:0 

LD Y,A 

LD A,D0:0 

JP NC,no_carry 

ADD A,#1 

ADD A,D2:0 

LD X,A 
RET 
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1 1 .5.3 Signed/Unsigned Long Left Shift 



PLC Z89CC ANSI C Compiler 
Signed/Unsigned Long Left Shift 
Code Generator Helper 
Copyright (C) 1992 Production Languages Corporation 

This routine is called directly from the code generated by 
the compiler. It calculates the result of a 32 bit left 
operation. 



;* INPUT: 
;* OUTPUT: 



D0:0,D1:0« D2:0 
X,Y 



D0_1 

slshl: 

ulshl: 



loopl : 



xdef 


slshl 






xdef 


ulshl 






equ 


8 


; DOJ of bank 1 


LD 


X,DO:0 ; 


Get operand 


LD 


Y,D1:0 






LD 


A,D2:0 ; 


Get counter 


LD 


D0_1 ,A ; 


Preserve D2:0 


CP 


A,#0 




If it's zero we're do 


JP 


EQ.done 






LD 


A,Y 




Get low half 


SLL 


A 




Shift left 


LD 


Y,A 




Update low half 


LD 


A,X 




Get high half 


RL 


A 




Do shift with carry 


LD 


X,A 




Update high half 


LD 


A,D2:0 ; 


Get count 


ADD 


A.BUS 




Decrement count 


JP 


Z.done ; 


Jump if zero 


LD 


D2:0,A ; 


Update count 


JP 


loopl 


; Loop 



********************* 



done: 



LD 

LD 

LD 

LD 

AND 

RET 



X,A 

A,D0_1 

D2:0,A 

A.X 

A.BUS 



Restore D2:0 



; Clear LSBs of A 
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1 1 .5.4 Long Subtraction 



,***************** ***************************************** w^*********************************** ***************************************** 
.* 

;* PLC Z89CC ANSI C Compiler 

;* Long Subtraction 

;* Code Generator Helper 

;* Copyright (C) 1992 Production Languages Corporation 

.* 

;* This routine is called directly from the code generated by 

;* the compiler. It calculates the result of a 32 by 32 subtraction. 

;* NOTE: This routine must exit with the Carry flag inverted just 
;* like the SUB instruction does. 

■* INPUT: D0:0,D1 :0 - D2:0,D3:0 

;* OUTPUT: X,Y 

,* 

,************************************************* 



no_carry: 



xdef 


Isub 


LD 


A,D1:0 


SUB 


A,D3:0 


LD 


Y,A 


LD 


A,D0:0 


JP 


C,no_carry 


SUB 


A,#1 


SUB 


A,D2:0 


LD 


X,A 


RET 
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11.5.5 



Signed Long Division 



PLC Z89CC ANSI C Compiler 

Signed Long Division 
Code Generator Helper 
Copyright (C) 1992 Production Languages Corporation 

This routine is called directly from the code generated by 
the compiler. It calculates the result of a 32 bit by 32 division. 



;* INPUT: 
;* OUTPUT: 



_sldiv: 



notneg2: 



D0:0,D1:0/D2:0,D3:0 
X,Y 



xdef sldiv 

xref __uldiv 

EQU %104 



Get sig 

LD 

LD 

LD 

OR 

JP 

LD 

LD 

NEG 

LD 

LD 

JP 

ADD 

NEG 

LD 

LD 

OR 

JP 

LD 

NEG 

LD 

LD 

JP 

ADD 

NEG 

LD 

LD 

NEG 

LD 



n of result 
A,#1 
SIGN.A 
A,DO:0 
A,A 

PL,notneg1 
SIGN.A 
A,D1:0 
A 

D1:0,A 

A,D0:0 

NC,$+3 

A,#1 

A 

DO:0,A 

A,D2:0 
A,A 

PL,notneg2 

A,D3:0 

A 

D3:0,A 

A,D2:0 

NC,$+3 

A,#1 

A 

D2:0,A 
A.SIGN 
A 

SIGNA 



: D1:1 of bank 1 



; Set sign to positive 

; Is dividend negative? 
; no, jump 

; Negate dividend 



Is divisor negative? 
no, jump 
Negate divisor 



: Negate sign of result 



Call unsigned divide 

CALL uldiv ; do unsigned divide 

Negate result if necessary 
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LD A.SIGN ; get sign of result 

OR A,A ; negative? 

JP PL.notneg ; no, jump 

LD A,Y 

NEG A 

LD Y,A 

LD A,X 

JP NC,$+3 

ADD A,#1 

NEG A 

LD X,A 

notneg: 

RET 
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Signed Word Multiplication 



PLC Z89CC ANSI C Compiler 
Signed Word Muliplication 
Code Generator Helper 
Copyright (C) 1992 Production Languages Corporation 

This routine is called directly from the code generated by 
the compiler. It calculates the result of a 16 bit by 16 muliply. 



' INPUT: 
' OUTPUT: 



X*Y 
A 



SIGN 
swmul: 



notneg 1: 



xdef 


[WW**************** 

swmul 


************************** 


xref 


uwmul 




EQU 


%104 


; D1:1 of bank 1 


LD 


A,#1 




LD 


SIGN.A 


I Set sign to positive 


LD 


A,X 




OR 


A,A 


; Is X negative? 


JP 


PL,notneg1 


; no, jump 


LD 


SIGN.A 




NEG 


A 




LD 


X,A 




LD 


A,Y 




OR 


A,A 


; Is Y negative? 


JP 


PL,notneg2 


; no, jump 


NEG 


A 




LD 


Y,A 




LD 


A.SIGN 





************************************ 



11-42 



Z89C00 



notneg2: 



LD 


SIGN.A 


call 


uwmul 


LD 


Y,A 


LD 


A.SIGN 


OR 


A,A 


JP 


PL.notneg 


LD 


A,Y 


NEG 


A 


RET 




LD 


A,Y 


RET 





; preserve result 
; get sign of result 
; negative? 
; no, jump 



notneg: 



1 1 .5.7 Unsigned/Signed Word Shift Left 



PLC Z89CC ANSI C Compiler 
Unsigned/Signed Word Shift Left 
Code Generator Helper 
Copyright (C) 1992 Production Languages Corporation 

This routine is called directly from the code generated by 
the compiler. It calculates the result of a 16 bit left 
shift operation. 



* INPUT: 



OUTPUT: 



_uwshl: 
_swshl: 



X» Y 



xdef 
xdef 



_uwshl 
_swshl 



loopl: 



done: 



LD 
CP 
JP 

LD 

SLL 

LD 

LD 

ADD 

JP 

LD 

JP 

AND 

LD 

RET 



A,Y 

A,#0 

EQ.done 

A,X 
A 

X,A 

A.Y 

A.BUS 

EQ.done 

Y,A 

loopl 

A.BUS 
A,X 



; Check for shift by zero 



Get operand 
Do logical shift 
Update operand 
Get count 
Decrement 
If done then jump 
Update count 



; Clear LSBs of A 
; Return result 
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11.6 HARDWARE EXAMPLES 

The following provides commonly used hardware peripherals used in conjunction with a Digital Signal Processor. A block 
diagram Modem application is also included. 

The Z89CXX series of processors provide the following ports for communication to external peripherals. 



16-bit Address Bus 
16-bit Data Bus 
16-bit I/O Data Bus 
3-bit I/O Address Bus 
Three I/O control pin 
Three Interrupt Lines 
Reset Line 

Two User Input Lines 
Two User Output Lines 



(PAO-15) 
(PDO-15) 
(EXTO-15) 
(EAO-2) 

(RDYE, ER//W, El) 
(/INTO-2) 

(UIO-1) 
(UOO-1) 



1 1 .6.1 Z89CXX Hookup Diagram 

Figure 11.1 is provided to depict a typical arrangement of devices often used with Digital Signal Processors. Many other 
peripherals are often used to pass data to and from the processor. This diagram provides the hook-up of a 32K word 
external ROM, A/D and D/A. 

Together the two 27C256 provide 32K words of memory. One ROM holds the upper byte and the other hold the lower 
byte of the 16-bit word data. Access to the external memory is provided by tying the /ROMEN to VCC. The processor 
automatically addresses and fetches the instruction code. 

The 1 6-bit Address and 1 6-bit Data Bus provides access to 64K words of Program ROM. The three I/O Address Bus and 
16-bit I/O Data Bus provides access to a minimum eight external peripherals. Additional logic can be used to expand 
the possible external peripheral addressing. Figure 11.1 shows the hook-up of a 32K word External ROM, A/D and D/A 
interfacing. 
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Two counters, 74HC592, are used to divide the processor 
clock down to aconvenient sampling clockfor the A/D. The 
Read Strobe initiates the A/D conversion and the digital 
data is read by the processor. Once processed the D/A is 
configured to accept the data and readily convert it into 
digital format. An address decoder, 74HC137, is used to 
control the external bus. Data is passed in through the V IN 
line and passed out through the V 0UT line. 

This type of configuration is typical for many applications 
using a Digital Signal Processor to evaluate and process 
data. Codecs are sometimes used in place of the A/D and 
D/A. 



1 1 .6.2 Modem Application 

Figure 1 1 .2 provides a block diagram of a modem applica- 
tion. The modem consists of the Zilog Z89C00 Digital 
Signal Processor and the Z86C15 Intelligent Peripheral 
Controller. The Z84C1 5 IPC performs the system control of 
the modem, such as interfacing with the PC, and control- 
ling the support devices. The Z84C1 5 also handles all the 



data encoding and decoding, descrambling, the AT com- 
mand set and asynchronous to synchronous conversion. 
The Z89C32 DSP serves as the data pump, which handles 
all V.21, V.22, V.22bis modulation and demodulation as 
well as DTMF generation and adaptive equalization. The 
two devices are connected through a switch and mailbox 
system controller by the Z84C15. The switch and mailbox 
system controls the flow of data between the Z84C15 and 
the Z89C32. 

The CODEC (Coder/Decoder) is an A/D and D/A converter 
module, which serves as the modem's interface to the 
analog world. The SC1 1000 Analog Modem Filter is used 
to the balance the incoming and outgoing analog signal 
strengths. The CH1817 is a complete DAA (Data Access 
Arrangement) module, which serves as the modems inter- 
face to the telephone line. 



Serial 
Output 



Data 
Lines 



Address 
Lines 



Control 
Lines 



Codec 



Serial 
Input 



Transmit 
Signal 



Receive 



SN11000 
Analog 
Modem 
Filter 



Transmit 
Signal 



Receive 
Signal 



CH1817 
Data Access 
Arrangement 



Telephone Line 



Control Lines 



Data 
Lines 



Zilog 
Z84C15 
IPC 



Data 
Lines 



Control 
Lines 



Switch and 
Mailbox 
System 



Data 
Lines 



Control 
Lines 



Zilog 
Z89C00 
DSP 



Address 
Lines 



Data 
Lines 



Address 
Lines 



Program 
Memory 



DSP 



Figure 11.2. Z89C00 V.22bis Modem 
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11.7 SUBROUTINE CALLS/JUMPS 

Subroutines are used to reference blocks of often used 
code in a convenient manner. Jumps are used to imple- 
ment loops and to bypass unnecessary routines depen- 
dent on the condition of certain variables. To implement 
the call to a subroutine a label and the I 
necessary. 



Routinel 



LD A, 
INC A 
RET 



A jump requiresjustalabel as shown in section 1 1.2 in the 
previous < 



1 1 .8 RELATIONAL OPERATORS 

Relational operators are used when performing compari- 
son of data. The Compare instruction can be used to set 
the appropriate status bits. A conditional jump or condi- 
tional call can be used to take the appropriate action upon 
evaluating the comparison. 



The following is the representation for data comparisons: 
Greater then: N xor OV = 1 

Greater than or equal: (N xor OV) or Z =1 
Less then: (N xor OV) or Z =0 

Less than or equal: (N xor OV) = 

Notice that the carry flag is not used for any of the relational 
operators. The carry flag is not often used in two's comple- 
ment operations. 



11.9 HELPFUL HINTS 

The purpose of this section is to discuss items that will 
assist in understanding how the processor operate and to 
ease the development of code. Each item provides refer- 
ence to a specific section of the technical manual that 
provides additional material on the subject. 

11.9.1 Flow Through Multiplier 

The Z89C00 is designed with a flow-through multiplier. 
Whenever the X or Y register is updated, an automatic 
multiply operation is performed. This provides the ability to 
perform a multiplication operation using the Load Com- 
mand. Since the LD command can access most registers 
within the COO, a flexible multiplication process is pro- 
vided. 

Exp: LD X, A ;loads X with A and multiples 

X and Y. The result is placed 
in the P register. 

LD Y, @@P0:0 ; loads Y with ROM 

memory data and multiplies 
X and Y. 

(See Section 3.8 - Multiplier) 



1 1 .9.2 Temporary Registers 

The X and Y registers can be used as temporary registers, 
though loading the X or Y register causes a multiply 
operation to occur, care must be taken if the P register data 
is important. Other temporary registers include the Data 
Pointers, Stack, Accumulator and External Registers. The 
Register Pointers can be used for 8-bit data storage. (See 
Section 3.16 - Temporary Registers) 

1 1 .9.3 MLD Instruction and the Accumulator 

The Multiplier and Accumulator are often used together 
when performing arithmetic operations. The Accumulator 
gathers the resultant product of the multiplier and sums the 
data. Use of the MPYA or MPYS is used to provide this 
functionality. Before execution of the instruction, the accu- 
mulator should be initialized to zero. The MLD instruction 
is used for the first multiply since it conveniently initializes 
the accumulator. 

Example: 

Initialization: @P0:0 = A 

@P0:1 = B 

Accumulator = 123456H 

MLD @P0:1, @P0:0 
MPYA@P0:1, @P0'0 
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1 1 .9.3 MLD Instruction and the Accumulator (Continued) 



The MLD instruction clears the accumulator to zero and 
multiplies A*B and places the product in the P register. The 
MPYA instruction adds the P register to the Accumulator 
and places the result into the accumulator. In parallel to 
this operation, a new A*B product is placed in the P 
register. (See Chapter 6 - Assembly Language Instruction 
Set) 

11.9.4 Shifting of Data 

The processor allows shifting of data with the MPYA and 
MPYS instruction. This shifting of data 3 bits to the right is 
used to prevent overflows in the accumulator. The Status 
Register bit S9 is used to control this feature. (See Section 
3.12.6 - Multiply Output Shifted by 3-Bits) 

11.9.5 User Output Pins 

The processor provides two user output pins that can be 
used to control or pass information to external peripherals. 
The Status Register Bits S5 and S6 control the User Output 
Pin value. If a zero is placed in the status register bit, a high 
output is given. If a one is placed in the status register bit, 
a low output is given. (See Chapter 7 - External Interfaces) 

1 1 .9.6 Interrupts 

The Three Interrupts (INTO, INT1, INT2) are rising edge 
triggered. Once a given interrupt is serviced, the enable 
interrupt latch is reset. If the Interrupt Enable (Status 
Register Bit S7: SIEF) is set during the routine, another 
interrupt can be serviced (nesting). (See Section 7.6 - 
Interrupts) 

1 1 .9.7 Overflow Protection 

When the Overflow Protection bit is set (SOFP) the accu- 
mulator clamps the maximum positive (7FFF) or maximum 
negative (8000) value whenever an overflow occurs dur- 
ing an accumulator operation. This prevents the accumu- 
lator providing erroneous data when an overflow occurs. 
The Overflow bit (OV) is set to 1 whenever an overflow 
occurs. (See Section 3.12.5 - Overflow Protection) 

1 1 .9.8 1 6-Bit Accumulator Instructions 

Several Instructions perform 16-bit operations on the ac- 
cumulator. To perform such an operation the lower 8-bits 
of the 24-bit accumulator are cleared after execution of 
such an instruction (ADD, AND, OR, SUB and XOR). (See 
Section 3.7.1 - 16-bit Accumulator Instructions) 



1 1 .9.9 Compare Instruction 

This instruction compares the accumulator with data stored 
in a register or memory. The operation consists of subtract- 
ing the data from the accumulator and setting the appro- 
priate status bits. The Compare instruction does not affect 
the value of the accumulator. One exception is when the 
Overflow Protection is set. If the OP is set and an overflow 
occurs from a Compare instruction, the accumulator will 
change to 7FFF or 8000 depending on the type of overflow. 

A typical compare uses the Zero Flag as the test f lag . When 
performing a compare, care must be taken to ensure the 
lower eight bits of the Accumulator are zero. If any are set, 
zero flag will always be false. (See Chapter 6 - Assembly 
Language Instruction Set) 

1 1 .9.10 Logical Operations 

The following is the representation for data comparisons: 

Greater then: N xor OV =1 

Greater then or equal: (N xor OV) or Z = 1 

Less then: (N xor OV) or Z = 

Less then or equal (N xor OV) = 

Notice that the carry flag is not used for any of the relational 
operators. The carry flag is not often used in twos comple- 
ment operations. (See Chapter 1 1 - Introduction to Soft- 
ware Development) 

The /RDYE signal is used to extend data during a read or 
write operation across the EXT bus. The pin is active low 
meaning when the line is held low, the processor is ready 
to process data (active). When the line is high, the proces- 
sor is frozen (not active). No instructions are not being 
executed and all output pins are held at the state before the 
high signal was placed on the /RDYE line (See Section 
3.17.3 - External Registers); (See Chapter 7 - External 
Interfaces). 

11.9.11 EXT Bus 

The EXT bus for the Z89C00 provides a 16-bit bus with 
three address lines (EA0, EA1 , EA2) and three control lines 
(/RDYE, ER//W, and /El). The Z89C00 is defaulted to the 
Write mode and constantly drives the 16-bit bus. During 
a read, the processor gives up the bus and allows external 
peripherals to pass data long the bus. The control signal 
to pass data is the /El pin. Some peripherals may not be 
able to accommodate the fast speed of the bus signals 
and will need to extend the address/data/control lines. 
Holding the/RDYE pin high (recognized on the rising edge 
of the clock) provides this extension (See Section 3.17.3 
External Registers ); (See Chapter 7 - External Interfaces). 
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1 1.9.12 Register and Data Pointers 

The Register Pointers are 8-bit registers that contain the 
values 00H to FFH. Each value corresponds to one RAM 
address. This RAM location can contain data or an ad- 
dress to ROM. 



LD A, P0:0 
LD A, @P0:0 
LD A, @@P0:0 

The first load instruction places the 8-bit register value in 
the accumulator. The second instruction places the RAM 
data pointed by the Register Pointer into the accumulator. 
The last instruction accesses ROM information to load into 
the accumulator. 

The Data Pointers are 16-bit pseudo registers. They are 
actually the lower 16 bytes of each RAM bank. 

LD A, D0:0 
LD A, @D0:0 

The first instruction accesses pointer D0:0 which is part of 
RAM. This is similar to the @P0:0 pointer designator. The 
second instruction access ROM and is similar to the 
@@P0:0 pointer designator. (See Sections 3. 1 1 and 3. 1 7. 1 ) 

11.9.13 Auto increment/decrement of 
Pointers (RAM Access) 

The Register Pointers provide quick access to various 
location with RAM or ROM data. The auto increment 
function provides easy access to sequential data. 



Example: 
LDLOOP 



LD 
LD 
LD 
CP 
JP 



A, #%0009 
P0:1,#%00 
@P0:1+, X 
A, P0:1 
NZ, LDLOOP 



The load instructions depict the initialization and auto 
incrementing feature of the pointer registers. Each pass of 
the loop, the pointer register P0:1 is incremented. The CP 
instruction will compare P0:1 with the initialized 9H of the 
accumulator. The Accumulator is used to jump out of the 
loop upon the condition being met. This routine will pro- 
cess the loop 9 times before exiting. To decrement the 
pointer the LOOP option is used (LD @ P0:1 - LOOP, X) 
(See Section 3.11.1 - Hardware Auto-Increment/Decre- 
ment). 

11.9.14 Auto increment/decrement of 
Pointers (ROM Access) 
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The Register/Data pointers are automatically incremented 
when accessing ROM data. This provides a convenient 
method of accessing sequential data from ROM. 

LD A, @@P0:0 
ADD A, @D0:0 

The first instruction automatically increments the ROM 
address located by the P0:0 pointer. The second instruc- 
tion automatically increments the D0:0 register which 
contains the ROM address. Each instruction provides this 
automatic incrementing without the use of the option. The 
Pointer Register can make us of the option: 



LD A, 



This instruction will increment the ROM address and also 
increment the P0:0 pointer. (See Section 3.11.1 - Hard- 
ware Auto-Increment/Decrement) 

11.9.15 MLD, MPYA, MPYS Instruction 
Format 

The Multiply instruction has the following formats: 

(#1) MLD <hwregs>,<regind>,<bank switch> 
(#2) MLD <regind>, <regind>, <bank switch> 

These formats also apply for the MPYA and MPYS instruc- 
tions. The Bank Switch provides the ability to multiply 
operands with itself (squared). The first instruction format 
consists of a hardware register multiplied by a RAM 
operand (MLD A, @P0:0). This format requires that RAM 
Bank be used for the Register Indirect Addressing. 



Instruction 




Operation 


MLD A, @P0:0 




A* A 


MLD A, @P0:0, 


OFF 


A* A 


MLD A, @P0:0, 


ON 


A * @P0:0 



Note: The default for the switch is OFF, therefore the first 
two instructions are the same. 

The second instruction (#2) multiplies two RAM operands. 
The format requires the RAM Bank 1 be referenced first.: 



Instruction 


Operation 


MLD @P0:1, @P0:0 


@P0:1 *@P0:0 


MLD @P0:1 @P0:0, ON 


@P0:1 *@P0:0 


MLD @P0:1, @P0:0, OFF 


@P0:0 * @P0:0 



Note: The default for the switch is ON, therefore the first 
two instructions are the same. 
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Clear Interrupt Enable 5-6 

Clear Interrupt Enable Flag 5-1 

Clear OP flag 5-13 

Clear Overflow Protection 5-1,5-6 

Clear, Load, and Multiply 5-2 

CLOCK 3-1, 7-5 

Clock Cycle Time 7-4 
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Clock Fall Time 7-4 

Clock Pulse Width 7-4 

Clock Rise Time 7-4 

Codec interface 1-1 

Coefficient table 10-3 

Command Line 8-2 

Compare 5-1 

Compare Instruction 1 1-48 

Comparing Data 3-8 

Comparison 5-1,5-13 

Comprehensive linkmap file 8-1 

Condition Code Implementation 10-1 

Condition codes 1-3 

Conditional assembly 8-1 

COPF 5-1.5-6,5-13 

COPF Clear Overflow protection flag 6-14 

CP 5-1,5-13 

CP 6-16, 6-17, 6-18 

CP COMPARISON 6-15 

D 



D and P bus 2-2 

D-Bus Register 3-16 

Data bus 2-2 

Data Memory 3-5 

Data Pointer 1-3, 3-14, 5-2 

Data RAM 3-3,3-14 

Data Ready (input) 3-2 

Dead code removal 8-1 

DEC 5-1,5-5, 5-13 

DEC DECREMENT 6-19 

Decrement 5-1, 5-5, 5-13 

Direct Address Expression 5-2 

Direct 3-5, 5-2 

DMA controllers 7-1 

Dregs 5-2 

E 



EA.ER//W Delay from CK 7-4 

EAO-2 3-1 

EEE 695 OMF format 8-1 

Emulator 1-3,8-4 

Enable Input 3-1 

ER//W 3-1 

EXT 0-1 5 3-1 

EXT Bus 11-48 

EXT Data Input Hold from CK 7-4 

EXT Data Input Setup Time 7-4 

EXT Data Output Hold from CK 7-4 

EXT Data Output Valid from CK 7-4 

External Address 3-1 

External Bus Direction 3-1 

External Data Bus 3-1 



External Peripherals 3-3 

External Register File 3-3 

External Register Memory 3-6 

External Registers 3-16 

External address/data capability 3-3 

External program ROM 7-1 

F 



False 5-5 

FFT 1-3 

FIR/MR Filters 1-3 

Flag Modification Codes 5-6 

Font Menu 8-4 

Fractional 8-1 

Fractional representation 8-1 

G 



General Instruction Format 5-8 

H 



HALT 3-1 

Halt Hold Time 7-4 

Halt Mode 7-9 

Halt Setup Time 7-4 

Halt State 3-1 

Hardware Auto-Increment/Decrement 3-10 

Hardware Looping 1-1, 3-10,3-11 

Hardware Registers 3-3, 5-2, 6-5 

Harvard type architecture 1-1,2-2,3-17 

Hex to Fractional Decimal Conversion 8-2 

Hex to Integer Decimal Conversion 8-2 

History Tracing 8-2 

HP 165XX 8-4 

HP Logic Analyzer Adapter 8-1 

Hwregs 5-2, 6-5 

I 



I/O port status 3-1 

Immediate 1-3, 4-1 

Immediate addressing 3-5 

INC 5-1, 5-5, 5-13 

INC INCREMENT 6-20 

Increment 5-1, 5-5, 5-13 

Increment Instruction 3-8 

Increment/Decrement 3-8 

Independent data memory 5-12 

Indirect Addressing 3-9, 5-2 

Indirect 1-3,3-5 

Instruction Format Examples 5-7 

Instruction format 1-3 

Instruction Opcodes 5-13 
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Instruction set 1-3 

Instruction Timing 5-12 

Instruction fetch cycles 5-12 

INTO- 2 3-1 

Integer to Fractional Decimal Conversion 8-2 

Integer 8-1 

Internal ROM 2-2 

Interrupt Enable 3-13 

Interrupt Hold Time 7-4 

Interrupt Setup Time 7-4 

Interrupt Timing 7-8 

Interrupt enabling 3-13 

Interrupt routine 7-6 

Interrupt service routine 7-7 

Interrupts 2-2, 7-6, 11-48 



JP 2, 5-13, 6-22 

JP JUMP 6-21 

Jump 3-14, 5-13 

Jump capability 8-4 



LD 5-1 , 6-24, 6-25, 6-26, 6-27 

Library routines 8-1 

Limm 5-2 

Linker 1-3 

Linker/Locator 8-1 

Load 5-1 

Locator 1-3 

Logic Analyzer Adapter 8-4 

Logical 5-1 

Logical AND 5-2 

Logical Exclusive OR 5-2 

Logical Operations 11-48 

Logical OR 5-2 

Long (16-bit) Immediate 5-2 

Long Subtraction 11-40 

Look-up Table Transfer 10-1, 10-2 

Loop Control 10-4 

Loop Sizes 3-11 



M 



Macro Assembler 8-1 

Macros 8-1 

Memind 5-2 

Memory Initialization 10-2 

Memory Transfers 10-1, 10-4 

Ml 5-5 

Minus (negative) 5-5 

MLD 5-2, 5-14, 6-32, 6-33 

MLD Instruction and the Accumulator 1 1-47 

MLD MULTIPLY 6-31 



MLD, MPYA, MPYS Instruction Format 11-49 

Mnemonics 5-3 

Modem Application 1 1-46 

MPYA 5-2, 5-14, 6-35 

MPYA MULTIPLY AND ADD 6-34 

MPYS 5-22, 5-14, 6-38 

MPYS MULTIPLY AND SUBTRACT 6-37 

Multiple Breakpoints 8-2,8-4 

Multiple ICEBOX operation 8-4 

Multiple Interrupts 7-8 

Multiple Source File Evaluation 8-2 

Multiple windowing methods 8-4 

Multiplication/Shifting 8-3 

Multiplications 8-2 

Multiplier 1-3, 2-2, 3-8 

Multiply 5-11,5-14 

Multiply and Add instruction (MPYA) 3-8 

Multiply and Add 5-14 

Multiply/Accumulate 2-1 

oility 8-4 



N_ 



NC 5-5 

NEG 5-1,5-5, 5-14 

NEG NEGATE 6-40 

Negate 5-1, 5-5, 5-14 

Negative Flag 3-13 

Nested Interrupts 7-8 

No Carry 5-5 

No operation 5-14 

No Overflow o~i) 

NOP 5-14 

NOP NO OPERATION 6-41 

Not User One • 0~0 

Not User Zero 5-5 

NOV 5-5 

NU0 5-5 

NU1 5-5 

NZ 5-5 



Object Librarian 8-1 

Object modules 8-1 

On Line Help 8-4 

On-line Assembler 8-2 

Opcodes 1-3, 5-3 

Operands 1-3 

Operations on Sequential Data 10-1 

Optimized ANSI C compiler 8-1 

OR 5-2, 5-15, 6-43, 6-44 

OR BITWISE OR 6-42 

OTP Programming Adapters 8-1 

OTP versions 1-3 

OV 5-5 
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Overflow 5-5 

Overflow Flag 3-13 

Overflow Protection 3-13,11-48 

Overflow conditions 3-7 

Overflow protection 3-13 

P 



PA Delay from CK 7-4 

PAO-15 3-1 

Package types 1-3 

PD Input Hold Time 7-4 

PD Input Setup Time 7-4 

PDO-15 3-1 

PIN FUNCTIONS 3-1 

Pipeline flow 5-12 

Pipeline instruction execution 3-6, 5-12 

PL 5-5 

Plus (not negative) 5-5 

POP 3-3,5-1,5-15,6-47 

POP POP VALUE FROM STACK 6-46 

Positive and Negative Hex Numbers 8-2 

Pregs 5-2 

Processor Initialization 10-1 

Program Control 5-1 

Program Counter 2-2,3-14 

Program Memory Bus 7-8 

Program Memory 1-1 

Program Memory address bus (output) 3-1 

Program Memory data input (input) 3-1 

Program ROM 1-1, 3-3 

Pull Down Menus 8-2 

PUSH 3-3, 5-1, 5-15, 6-49, 6-50 

Push value 5-15 

PUSH PUSH VALUE ONTO STACK 6-48 

PWW 7-4 

R 



RAM banks 3-3 

RAM pointers 1-1,2-2 

RDYH 7-4 

RDYS 7-4 

Ready Hold Time 7-4 

Ready Setup Time 7-4 

Real Time Emulator 8-1 

Redundant load/store removal 8-1 

Regind 5-2 

Register and Data Pointers 1 1-49 

Register Direct Addressing 4-1 

Register direct 1-3,4-1 

Register Indirect 4-1 

Register Pointer 5-2 

Register Pointer Loop 3-13 

Register Pointer Loop Size Bits 3-13 



Register Pointers 1-3,2-2 

Relational Operators 11-47 

Relocatable object code 8-1 

Reset 7-5 

Reset Line 1 1 -44 

RET 5-2 5-15 

RET RETURN FROM SUBROUTINE ' 6-51 

RL 5-2,5-5,5-15 

ROM Enable (input) 3-1 

Rotate and Shift 5-1 

Rotate Left 3-8, 5-2, 5-5, 5-15 

Rotate Right 3-8,5-2,5-5,5-15 

Rotating Data 3-8 

RR 5-2,5-5,5-15 

RR ROTATE RIGHT 6-53 

s 



SCF 5-1,5-6,5-15 

SCFSET CARRY FLAG 6-54 

Sequential data 3-1 1 

Serial Port Communication 8-4 

Session Storage 8-4 

Set C flag 5-15 

Set Carry 5-6 

Set Carry Flag 5-1 

Set IE flag 5-15 

Set Interrupt Enable 5-6 

Set Interrupt Enable Flag 5-1 

Set OP flag 5-15 

Set Overflow Protection 5-1,5-6 

Shift Left 3-8,5-5,5-15 

Shift Left Logical 5-2 

Shift Right 3-8, 5-5 

Shift Right Arithmetic 5-2 

Shifter 2-2 

Shifting Data 3-8 

Shifting of Data 11-48 

Shifting 3-13 

Short (8-bit) Immediate Value 5-2 

Short Form Direct Bits 3-13 

Short form 1-3 

Shortform direct 3-5 

SIEF 5-1,5-6,5-15 

SIEF SET INTERRUPT ENABLE FLAG 6-55 

Signed 9-1 

Signed Long Division 1 1-41 

Signed Word Division 11-37 

Signed Word Multiplication 1 1-42 

Simm 5-2 

Simulator/Debugger 8-2 

Single cycle instruction execution 2-1 

Single cycle instruction execution 5-12 

Single cycle multiply 2-2 

Single/continuous stepping 8-4 
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SL 5-5 

SLL 5-2,5-15 

SLL SHIFT LEFT LOGICAL 6-56 

Software Development 8-1 

Software Examples 11-1 

Software Simulator/Debugger 8-1 

Software Support 8-1 

SOPF 5-1,5-6,5-15 

SOPF SET OVERFLOW PROTECTION FLAG 6-57 

Source Level Debug 8-4 

Source level code debug 8-4 

Source/Destination Field Designators 5-6 

SR 5-5 

SRA 5-2, 5-15 

SRA SHIFT RIGHT ARITHMETIC 6-58 

Stack 2-2, 3-3, 3-14, 7-6 

Standard Register File 3-3 

Starting address 3-3 

Status Flags 3-13 

Status Register 2-2, 3-12 

SUB 5-1,5-15,6-62 

SUB SUBTRACT 6-59 

Subroutine call 5-13 

Subroutine Calls/Jumps 10-1, 11-47 

Subtract 5-1, 5-14 

Subtract, Load, and Multiply 5-2 



Two Input Pins (input) 3-2 

Two Output Pins (output) 3-2 

Two User Input Lines 11-44 

Two User Output Lines 1 1 -44 

T 7-4 
T 7-4 
Txvd 7-4 

' VWH 7-4 



u 



U0 5-5 

U0O-1 3-2 

m 5-5 

UI0-1 3-2 

Unsigned 9-1 

Unsigned/Signed Word Shift Left 1 1-43 

Unused 5-5 

User Defined Pseudo-variables 8-2 

User Defined Variables Window 8-2 

User Defined Windows 8-2 

User I/O 7-4 

User Input/Output - 1 3-13 

User One 5-5 

User Output Pins 11-48 

User Zero 5-5 



... 



T CTLS 7 -4 

T cv 7-4 

T ead 7-4 

Temporary Registers 3-14, 1 1-47 

% 7-4 

Three I/O control pin 1 1-44 

Three Interrupt Lines 1 1-44 

Three interrupts (input, Rising Edge Triggered) 3-1 

T , E o 7-4 

T_ 7-4 



Timing 1-3 

lm 7 " 4 

T, NS 7-4 

TMS320 to Z89XXX Translator 8-1 

T PAD 7-4 

Tpoh 7-4 

Tpos 7-4 

J, 7-4 

Trace buffer 8-4 

Trace code 8-4 

Trace/Animation 8-4 

Transfer 6-5 

Translations 8-2 

Translator 1-3 

True 5-5 



Virtual Re 



Wos c 



3-14 

w 





XOR 5-2, 5-15, 6-64, 6-65 

XOR bitwise exclusive 6-63 



Z89CXX Hookup Diagram 

Zero Flag 



11-44 

3-13 
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